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RECORD OF REVISIONS

Revision Description
0 Initial Issue
A This revision updates MPR-2524 to reflect the USNRC Safety Evaluation of the Joint

Owners’ Group MOV Periodic Verification Program. As part of these revisions, the
following documents are inserted as Appendices F and G, respectively: Compilation
of USNRC Comments & JOG Responses and the USNRC Safety Evaluation. Specific
changes are documented below and identified with revision bars in the body of the
report. '

e Pagei. Updated list of Owners’ Groups under “Prepared for”.

4

e Pageii. Updated names of individuals and Owners’ Groups under “Prepared for”.

(13944

Changed page number from “2” to “ii”.
e Pagesiii to v. Added “Record of Revisions”.

e Page 1-1 and 2-6. Updated Footnotes 2 and 6 to recognize that the CEOG and
B&WOG merged with the WOG to form the PWROG.

e Page 2-7. Changed “was needed” to “were needed” in 2™ paragraph.

e Page 3-18. Revised the observations related to DP stroking for gate valves in
steam in the 2™ paragraph to be consistent with the conclusions presented in JOG
Comment Response 26 of JOG Responses to NRC Request for Additional
Information (see Appendix F). :

e Page 3-41. Revised the observations related to DP stroking for gate valves in
steam in paragraphs 2 and 3 to be consistent with the conclusions presented in
JOG Comment Response 26 of JOG Responses to NRC Request for Additional
Information (see Appendix F).

e Page 3-47. Deleted the 2" bullet of gate valve conclusion 6.
e Page 3-89. Revised Figure 3-22 to correctly identify the DP stroking category. for

G41.07 as “DP stroked 1-4 times between JOG Tests” rather than “DP stroked 5 or
more times between JOG tests™.
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RECORD OF REVISIONS

Revision

Description

A (contd)

Page 7-12. Revised the 2™ paragraph of Criterion to specify a minimum flow rate
of 90% of the valve’s design basis value for use of the provision that considers
diagnostic test data to evaluate whether the opening stroke required thrust is
controlled by disk-to-seat friction.

Page 7-13. Revised the 3" paragraph of Basis and Justification to explain the
importance of flow rate in determining whether disk-to-seat friction or disk-to-
guide friction controls the required thrust and explain the basis for the 90% flow
rate requirement.

Page 7-15. Revised the 4™ bullet of Qualifying Basis Criterion 4.1 for gate valves
(regarding disallowing modifications) to identify limitations related to the disk
orientation in the pipe for Anchor/Darling double disk and Aloyco spht wedge
valves.

Page 7-16. Revised the 3rd bullet of Qualifying Basis Criterion 4.2 for gate valves

(regarding justification of makeup of a group of valves) and added footnote 39 to
identify limitations related to the disk orientation in the pipe for Anchor/Darhng
double disk and Aloyco split wedge valves.

Page 7-17. Revised the Basis and Justiﬁcation for the Qualifying Basis Screen
(Step 4) for gate valves to identify limitations related to the disk orientation in the
pipe for Anchor/Darling double disk and Aloyco split wedge valves.

Page 7-18. Revised the Criterion and Basis and Justification for the Coefficient of
Friction Threshold Screen (Step 5) for gate valves to provide additional guidance
for how users should apply the COF thresholds to evaluate hardseating for
Anchor/Darling double disk and Aloyco split wedge valves.

Page 7-25. Added Note 2 to Table 7-4, COF Threshold Values and COF
Allowances for Gate Valves, to provide additional guidance for how users should
apply the COF thresholds to evaluate hardseating for Anchor/Darling double disk
and Aloyco split wedge valves. '

Page 7-39 and 7-40. Corrected spelling of “polyethylene”.
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RECORD OF REVISIONS

Revision

Description

A (contd)

Page 7-52. Added “All” to the “Flow Rate” column of Table 7-9, CAI Rating
Chart for Balanced Disk Globe Valves, for valves with the following
configuration/application combination:

Disk-to-Body Guide Material = 6

DP Stroking = Yes '

Design Basis Function = O, C, O/C

Fluid Type =11, 12, 13, 15, 20 or 30

Page F-1. Inserted new Appendix F.

Page G-1. Inserted new Appendix G.
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Executive Summary

The Joint Owners’ Group (JOG) Motor-Operated Valve (MOV) Periodic Verification (PV)
Program helps nuclear power plants address US Nuclear Regulatory Commission (NRC) Generic
Letter 96-05, Periodic Verification of Design-Basis Capability of Safety-Related Motor-Operated
Valves. The B&W, BWR, CE and Westinghouse Owners’ Groups supported the program, and
98 of the 103 active US nuclear power plant units participated. A Program Description Topical
Report prepared at the beginning of the program was accepted by the NRC, subject to certain
conditions and limitations, in an NRC Safety Evaluation. The Topical Report specified an
interim PV testing approach, developed based on judgment and experience, and defined a test
program to obtain long-term, repeat valve performance data to identify where degradation in
required thrust (gate and globe valves) or torque (butterfly valves) could occur.

This report documents the conclusions and final PV approach for the JOG MOV PV program.
‘These outcomes are based on the results from repeat testing of 176 MOVs in power plants, under
conditions with flow and differential pressure (DP). The work to carry out these tests,
summarize and approve the test results, and analyze the data has been the major effort of the
program. The test matrix and results of these tests are summarized in this report.

For all four valve types tested for the JOG MOV PV Program, there is no age-related
degradation (i.e., no increases in required thrust or torque due only to the passage of time,
without DP stroking).

For most gate valves, there is no service-related degradation (i.e., no increases in required thrust
due to DP stroking). For these valves, the valve factor (proportional to thrust required to
overcome DP) is stable. Under certain conditions, however, increases in required thrust were
observed. Specifically, gate valves with low initial valve factors, either due to disassembly of
the valve or due to little or no DP stroking in service, are susceptible to increases in required
thrust. These increases tend to occur progressively up to a plateau level as the valve accumulates
DP strokes. These results show that there is a need to understand if gate valves are in a stable

. realm or not. Valves that are set up using a justified stable valve factor do not need to consider
allowances for increases. Valves that are set up using a valve factor susceptible to increase need
to add a margin allowance to cover future increases in required thrust.

For butterfly valves, there is no service-related degradation in required bearing torque.
Butterfly valves with bronze bearings (the most common material) have stable bearing friction
(proportional to bearing torque) in treated water systems and in untreated water systems where
the valve has a bearing hub seal. Butterfly valves with bronze or 300 series stainless steel
bearings in untreated water systems without a hub seal show significant variations in bearing
friction unrelated to DP stroking, although there is no increasing or decreasing trend. Butterfly
valves with non-metallic bearings show relatively stable bearing friction, with only small

_ variations in both treated and untreated water. These results show that there is a need to
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understand if butterfly valves have stable bearing friction or are susceptible to variation. Valves
that are set up using a justified bearing friction coefficient do not need to consider the effect of
variations. Valves that are set up using a bearing friction coefficient susceptible to variations
need to be justified by testing or corrected to achieve a set up that covers the variations.

For balanced disk globe valves and unbalanced disk globe valves, there is no service-related
degradation in required thrust. For balanced disk globe valves, the DP thrust component is very
small and the valve factor is stable. For unbalanced disk globe valves, testing confirmed a stable
thrust in both water and steam service. In balanced disk globe valves, service in untreated water
can lead to thrust variations, not related to DP thrust, that come and go. It appears that these
variations are due to particulates interfering with disk motion.

Based on the results of the JOG MOV PV Program testing, a final PV approach for plant MOVs
has been defined and justified. The approach, which is an adjusted version of the interim
approach defined at the outset of the program, nominally calls for static testing of MOVs at a
frequency dependent on margin and risk significance. A classification process is used to
determine how each MOV is to be tested. Valves that are not susceptible to degradation are A
identified and static PV test intervals are specified. Applications of gate and butterfly valves that
are susceptible to increases or variations in required thrust or torque are identified, and users are
to add margin allowances (gate valves) or to verify by DP test (butterfly and gate valves) that the

“valve performance is stable. If these approaches are unworkable, the method specifies threshold
values of disk-to-seat friction coefficient (gate valves) or bearing friction coefficierit (butterﬂy
valves), above which increases or variations will assuredly not occur.

The implementation guidance to use the JOG MOV PV Program approach is included with this
report. This guidance covers obtaining the necessary information about the MOV, classifying it,
and determining the PV test interval. Note that some MOVs have design attributes or are in
applications that fall outside the scope of coverage of the JOG MOV PV Program final approach.
For valves that are not covered by the JOG MOV PV Program approach, the individual plant is
responsible for addressing and justifying the periodic verification approaches for these valves.

A schedule for plants to implement the final PV approach is provided following this summary.
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JOG MOV PV Program Implementation Schedule

Implementation of the JOG MOV PV Program is suggested to be completed within six years
from the date of issuance of the NRC Safety Evaluation (SE). During the six-year period, .
participants in the JOG MOV PV Program will be expected to complete the following aspects of
their MOV programs:

Continue PV testing of each valve in accordance with the interim PV Program until the
final JOG MOV PV Program is implemented for that valve.

Assess the appllcablhty of this report (MPR 2524).and- the NRC SE to spemﬁc plant
Generic Letter 96-05 MOVs.

Address MOVs in a priority of high-risk MOV, medium-risk MOVs and low-risk MOVs
such that all MOV are addressed within the six-year period.

Identify MOV not covered by the J OG MOV PV Prograrn and establish a plant PV
program for these MOVs.

Develop plant procedures, as required, to implement the plant MOV PV program.

Establish and implement PV test frequencies for all MOVs included in Generic Letter
96-05 scope following the guidelines of the JOG MOV PV Program.

Perform appropriate operability evaluations for any affected MOVs at the time of -
implementation. Assuming plants have previously addressed issues identified in JOG
MOYV PV Feedback Notices FN-01, FN-03 and FN-04, operability of MOVs during the
implementation phase is not expected to be an issue. Issues found during implementation
resulting in negative margin should be addressed by licensee corrective action programs.

- Plant modifications driven by Generic Letter 96 05 and by 1mp1ementat10n of the JOG MOV PV
Program are not required to be completed within the six-year period as long as operablhty is
justified by the licensee.
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1

Introduction

BACKGROUND

USNRC Generic Letter (GL) 89-10 (Reference 1) recommended that each nuclear power plantl
establish a program to demonstrate that safety-related motor operated valves (MOVs) are capable
of performing their design basis functions. Each plant implemented a program which included
analyses of MOV design basis conditions and MOV performance, and testing to demonstrate
MOV operability. These programs required major efforts and resources from each plant,
including modifications of many MOVs. These efforts produced 51gn1ﬁcant 1mprovements in
MOV design assurance and functional reliability.

Although GL 89-10 included recommen_dations for periodic verification of MOV performance,
these elements were separately summarized by the NRC in GL 96-05 (Reference 2). GL 96-05 -
supersedes GL 89-10 and its supplements with regard to MOV periodic verification.

GL 96-05 requests that each plant:

Establish a program, or ensure the effectiveness of its current program, to verify on a
periodic basis that safety-related MOVs continue to be capable of performing their safety
Sunctions within the current licensing basis of the facility. The program should ensure
that changes in required performance resulting from degradation (such as those caused
by age) can be properly identified and accounted for.

To address GL 96-05, the nuclear industry recognized that there is a benefit if many plants can
take advantage of the investments each plant made in their GL 89-10 programs and of .
subsequent testing. The Joint Owners’ Group (JOG) MOV Periodic Verification (PV) Program
was formed on this basis. Specifically, the Babcock & Wilcox Owners’ Group (B&WOG)",
Boiling Water Reactor Owners” Group (BWROG), Combustion Engineering Owners’ Group
(CEOG)* and Westinghouse Owners Group (WOG) Jomed together for the JOG MOV PV
Program.

Briefly, the objective of the JOG MOV PV Program is to provide an approach for participating
plants to use for periodic verification of safety-related MOVs. This objective is described more
fully in Section 2. At the outset of the JOG MOV PV Program (1997), a Program Description

Topical Report was prepared (Reference 3). This report described the “design” of the program,

" Throughout this document, “plant” is used to represent the “licensee” or “utility.”
. ? During the course of the JOG MOV PV Program, the CEOG and B& WOG merged with the WOG to form the
Pressurized Water Reactor Owners’ Group (PWROG).
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provided the underlying technical basis and included the methods that were to be used in the
program. This report was submitted by the Owners’ Groups to the NRC, and the NRC
subsequently issued a Safety Evaluation (Reference 4). The safety evaluation indicated that:

With the conditions and limitations described in the Safety Evaluation, the staff considers
that the Joint Owners’ Group (JOG) Program on MOV Periodic Verification serves as
an acceptable industry-wide response to Generic Letter 96-05, “Periodic Verification of
Design-Basis Capability of Safety-Related Motor-Operated Valves.”

Individual plants notified the NRC whether they were participants in the JOG MOV PV Program
or whether they were implementing their own approach for periodic verification. Ninety-eight
(98) of the 103 operating reactor units in the US participated in the JOG MOV PV Program.

The JOG MOV PV Program has been implemented using the approach described in Reference 3.

- As mentioned in the SE (Reference 4), the NRC required that the JOG MOV PV Program
Topical Report be updated (or a new report issued) after the dynamic test program was carried
out. This report meets that requirement.

PURPOSE

This report:

e Describes the content and results of the JOG MOV PV Program

e Presents the conclusions drawn from the program

* Defines and justifies an approach for periodic verification for use by participating plants
e Provides implementation guidance for the periodic verification approach
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2 JOG MOV Periodic Verification Program
Description

PROGRAM DESCRIPTION ToPICAL REPORT AND NRC SAFETY EVALUATION

At the outset of the JOG MOV PV Program, a Program Description Topical Report was prepared a
and provided to the NRC (Reference 3). As presented in Reference 3, the objectives of the JOG
MOV PV Program are:

1. To provide an approach for member plants to use immediately in their GL 96-05
programs. The approach covers prioritization of MOVs based on importance and
margin, and specifies intervals for static MOV testing.

2. To develop a basis for addressing the potential degradations (increases) in required
thrust or torque under differential pressure (DP) conditions. The basis is supported
by a set of planned tests to be performed in-plant, which cover the change in DP
thrust or torque over a period of several years.

3. To use the basis ﬁom Item 2 to confirm, or if necessary to modify, the approach
' defined in Item 1.

The first objective was satisfied by the Program Description Topical Report (Reference 3), which
presented a recommended interim MOV periodic verification approach. The approach,
developed based on engineering judgment, consists of periodic static (no flow or DP) testing at
an interval based on the valve’s margin and risk ranking. The report provided definitions of
margin and gave guidance for determining risk ranking. Plants that committed to participate in
the JOG MOV PV Program used this interim PV approach.

The second and third objectives listed above have been fulfilled by the work performed since the
- issuance of Reference 3, as described in this report.

The scope of the JOG MOV PV Program discussed in Reference 3 covers the potential
degradation in required thrust or torque for most safety-related gate, butterfly, unbalanced disk
globe and balanced disk globe valves. Reference 3 provides specific design attributes and fluid
conditions that are covered by the program. As the program was carried out, a refined
description of the program scope was prepared, as discussed in this report (Section 7).

The JOG MOV PV program does not cover potential degradation in actuator available thrust or
torque. This element of potential degradation is the responsibility of each individual plant.
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Reference 3 discusses required thrust or torque degradation mechanisms for gate, butterfly and
balanced disk globe valves. These degradation mechanisms relate primarily to the potential
increase in friction coefficient at sliding, load-bearing interfaces (disk-to-seat and guide-to-guide
rail in gate valves, shaft-to-bearing in butterfly valves and disk-to-guide in balanced disk globe
valves). No degradation mechanisms were identified for unbalanced disk globe valves. To
understand potential degradation associated with the mechanisms for gate, butterfly and balanced
disk globe valves and to confirm the absence of degradation for unbalanced disk globe valves,
test data under DP conditions were needed. Reference 3 defined an in-plant dynamic test
program to obtain these data. Over a five-year period, each participating nuclear power plant
unit was to test two MOVs three times each, with repeat tests separated by at least a year.
Reference 3 includes a specification that defines the requlrements for testing and for preparing
test data packages.

The results from each DP test were submitted to the program, in an ongoing basis over the five-
year period. Reference 3 included a commitment that the data would be periodically reviewed to
determine if any actions were needed based on the results. As discussed later in this section, this
process was carried out.

The NRC issued a Safety Evaluation (Reference 4) that summarized the NRC’s review of the
JOG MOV PV Program and the Program Description Topical Report. The NRC accepted the
approach defined in the Program Description Topical Report, subject to the following conditions
“and limitations (lettered as they appear in Reference 4). ' :

A. JOG must submit for NRC review and approval a revision to (or replacement report
Jor) the topical report following the JOG dynamic test program which describes the
final test criteria for the long-term MOV Periodic Verzf cation Program, and the
Justification for those criteria.

B. Licensees that did not participate in the development of NEDC-32264° must justify
their MOV risk categorization methodology as part of their implementation of the
JOG program. The NRC staff is reviewing an MOY risk ranking methodology
submitted by WOG for posszble endorsement.”

C. Licensees implementing the JOG Program must address the NRC evaluation and
conclusions on the JOG program provided in this SE (and in the supplement to be
prepared afier the results of the JOG dynamic test program are evaluated). JOG
indicated that participating licensees will be requested, following issuance of this SE, -
to individually notify the NRC of their plans to implement the JOG program
described in Revision 2 of the topical report Participating licensees must justify any
deviations from the JOG program.

D. Licensees implementing the JOG Program must determine any valvés that are outside
the scope of applicability of the JOG overall program or the JOG dynamic test

> NEDC-32264 is the BWROG MOV risk-ranking methodology (Reference 5). The NRC issued an SE on the

BWROG methodology (Reference 6).

. * Subsequent to Reference 4, the NRC issued an SE on the WOG MOV risk ranking methodology. The WOG
methodology and the NRC’s SE are References 7 and 8, respectively.
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program (or deleted from the JOG program scope), such as in terms of valve
manufacturer, size, type, materials, or service conditions, and must justify a separate
program for MOV periodic verification for these valves, materzals and service
conditions not encompassed by the JOG program.

Licensees implementing the JOG Program must address the information provided as
a result of the program during and following the JOG dynamic test program. This
responsibility includes notification of the NRC under 10 CFR Part 21, evaluation of
experience for applicability, and consideration of effects on component operabzlzty

as appropriate.

Licensees must ensure that each MOV in the JOG program will have adequate
margin (including consideration for aging-related degradation) to remain operable
until the next scheduled test regardless of its risk categorization or safety
significance.

Licensees may retain their approach for MOV setup where it is justified that MOV's
are properly evaluated for operability. However, when establishing test frequencies
under the JOG program, licensees must apply uncertainties as appropriate in
calculating actuator output or valve required thrust (or torque)

With the focus of the JOG program on the potential age-related increase in the thrust
and torque required to operate the valves, licensees must address apart from the JOG
program the thrust and torque delivered by the motor actuator.’ Licensees must
address the effects of aging on rate-of-loading and stem friction coefficient under
dynamic conditions, and other potential age-related effects such as spring-pack
relaxation, and actuator and switch lubrication degradation.

The dynamic test sequence in the JOG program includes a static test preceding the
dynamic test. JOG will evaluate available test information, to the extent possible, to .
determine whether the performance of a static test immediately preceding a dynamic
test might affect the conclusions of the JOG program. The NRC staff will continue to
monitor this issue on the basis of JOG data and NRC research results.

‘MOVs with scheduled test frequencies beyond 5 years will need to be grouped with
other MOV's that will be tested on frequencies less than 5 years in order to validate
assumptions for the longer test intervals. This review must include both valve thrust
(or torque) requirements and actuator output capability.

This final report resolves conditions and limitations A and I identified in the Safety Evaluation
(Reference 4), and presents and justifies a recommended final approach for MOV periodic
verification. The information presented in this report allows licensees to resolve conditions and
limitations D, E and G. Conditions and limitations B, C, F and H are the responsibility of the
licensee. Condition and limitation J is obviated by the completion of the JOG MOV PV

Program.
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DYNAMIC TEST PROGRAM

Test Matrix

The JOG MOV PV Program Descrlptlon Topical Report (Reference 3) presents a test matrix of
valves for DP testing’, to provide the range of valve attributes and fluid conditions to address
potential degradation. The matrix includes 150 valves (100 gate valves, 30 butterfly valves, 10
balanced disk globe valves and 10 unbalanced disk globe valves). A 25% attrition allowance
was identified, as it was likely that some valves would not be able to fully complete the test
sequence due to replacement, maintenance or other test difficulties. Therefore, the objective of
the program was to obtain DP test data from at least 115 valves.

At the program outset, the part101pat1ng plants were surveyed to identify the valves each plant
~was willing to repetitively DP test. From this master list of valves, two valves were selected
from each unit, such that the aggregate set of valves best covered the desired matrix. Initially,
this process produced a test matrix of 197 valves. However, as expected there were instances
‘where the testing was not ablé to be completed and valves had to be dropped. The final test
matrix includes 176 valves.

During the program, two steps were taken to ensure that the coverage of the program was
adequate. First, the as-tested matrix was compared to the desired test matrix presented in
Reference 3. Second, the participating plants were asked to identify MOV that they judged
might be outside the scope of coverage of the JOG MOV PV Program, or where the coverage
might be unclear. This list of MOVs and applications was evaluated in light of the program test =
data to determine how each valve should be addressed. ' :

‘When the as-tested matrix was compared to the desired matrix, a few limited instances were
identified where the program scope envisioned by Reference 3 could not be achieved. These
ccategories and the approach used in each case are listed below.

o Aloyco Split Wedge Gate Valves above 120°F

For Aloyco split wedge gate valves that have in-service DP stroking above 120°F,
the JOG Program covers the potential degradation in thrust for flow isolation =
* (closing) and for opening. The potential degradation in thrust at hard-seating
(closing) is covered only for valves that do not have in-service DP stroking above
120°F. Valves that are required to stroke against DP above 120°F as a design basis
condition but not stroke in serv1ce against DP above 120°F are fully covered by the
- Program.

° Gate Valves with Stainless Steel Guides above 120°F

The JOG Program does not cover gate valves with 300 series stainless steel (SS)
versus 400 series SS guides or with self-mated 300 series SS guides, that stroke in

> “DP testing” and “dyanamic testing” are used interchangeably throughout this report to refer to testing of a valve
with flow and differential pressure.
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service against DP at a temperature above 120°F. Valves which are required to
stroke against DP above 120°F as a design basis condition but not stroke in service
against DP above 120°F are fully covered by the Program.

The information in Section 7 - Implementation of JOG MOVPerzodzc Verzf cation Approach,
~ incorporates these limitations.

When the plants were surveyed regarding valves that they judged might not be within the
coverage of the program, a list of several valve design attributes and applications was generated.
The valves on this list were evaluated in light of the data being obtained in the program One of
three outcomes was defined for each valve

e The data in the program were sufficient to cover these valve de51gn attributes and
applications, and to justify including them in the program.

e The data in the program could be extended to cover these valve design attnbutes and
“applications.

e The program did not cover these design attributes and applications.

The information in Section 7 - Implementatzon of JOG MOV Periodic Verzf cation Approach, - |
covers the details of these classifications.

Test Data Handling

To ensure that data obtained from in-plant tests are satisfactory for use in the JOG MOV PV

Program, a test specification is included in Reference 3 (also Reference 9). The participating
plants that tested MOV and submitted the data were required to follow the test specification,
which includes requlrements for:

. Test valve maintenance and material condition, including prior to and during the test
program

Test conditions

Test instrumentation

Test sequence

Test data evaluation

Test documentation

The goal of the test specification is to ensure that all valves and testing are properly controlled to
achieve adequate consistency and quality from test results obtained from multiple plants.
Importantly, the test specification requires that time-history data for stem thrust (or stem torque
for butterfly valves) and DP be obtained. Further, the specification requires analyzing and
summarizing the:data in a prescribed manner, using consistent calculation methods.

When data were received from a plant, an inspection was performed to evaluate whether the test
data met the requirements of the specification. The inspection followed a procedure and was
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documented. If deviations from the specification were identified, they were evaluated to
determine if the data were satisfactory for use or if the test needed to be rejected. In a few cases,
the acceptance of the test was contingent on the plant obtaining additional data or information in
subsequent tests. Once the additional information was obtained, the test was accepted.

During the test data inspection process, adjustments to the data analysis were sometimes
identified. An example is the calculation of bearing friction coefficient for butterfly valves with
shaft offsets. The specification did not provide the necessary formula for this calculation. In
cases like these, the inspectors performed and verified the needed additional evaluations. The
plant was provided with a copy of adjustments performed by the inspectors.

For reference, 513 test packages were approved for use in the Program. Thirty-three (~6%) test
packages were rejected due to deficiencies in the test. For 161 of the final 176 valves, all three
test packages were approved; 15 of the valves had two test packages approved. These statistics
show the difficulties of obtaining in-plant data and the need (as was satisfied in this program) of
providing an attrition allowance. The final test matrix includes all valves for which DP test data
were obtained and accepted for more than one test. ' ’ '

In the case of four gate valves, data from one stroke direction appeared unusual and were
inconsistent with data from the other stroke direction and data from other similar valves. These
unusual data were carefully reviewed, including detailed discussions with the respective plants,
and no deficiencies in the tests or data analyses were found. Therefore, these data were kept in
the program. However, because of the inconsistency with other data, these few results were
treated as outliers and not included in detailed data evaluations. Each of these cases is discussed
and justified in this report (Section 3-Test Program Results for Gate Valves). . ‘

Data Evaluation and Review by JOG Core Group® .

Twice per year, the JOG MOV PV Program Core Group met to review the data that had been
received in the JOG MOV PV Program. Appendix C contains a list of the Core Group Meeting
dates. At each meeting, two approaches were used to evaluate the data. First, all of the data to
date that met the “rapid attention” criterion as described in Reference 3 were reviewed. “Rapid
attention” is defined as an increase in valve factor or bearing friction coefficient, beyond
measurement uncertainty, exceeding 10%. As these tests were reviewed, a running log of .
observations and dispositions was created and maintained.

Second, the Core Group reviewed all of the program data to date, to ensure that trends and
details in the data were observed and understood. These reviews led to numerous follow-up -
actions with individual plants to ensure that data in the program were properly evaluated and
presented. In addition, the Core Group directed additional investigations and evaluations of the
data. ) '

® Oversight of the JOG MOV PV Program was provided by a Core Group consisting of 20 individuals representing
the participating plants (5 from each of the four Owners’ Groups). There were 4 Core Group Chairmen, one from
each Owners’ Group. Also, each Owners’ Group had one Project Manager who provided logistical and
organizational suppoit. Toward the end of the program, the CEOG and B& WOG merged with the WOG to form the
PWROG.
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The Core Group’s reviews included the four cases of outlier data discussed above, and the Core
Group concurred in the conclusions for these data. :

Feedback to Program Participants

Where valves showed significant increases in valve factor or bearing friction coefficient, or
where there were trends in data that reflected potential degradation, the Core Group determined
what action and feedback to the program participants were needed. , l

When the Core Group determined that there was information learned from the test results that
needed to be shared with the participants, a Feedback Notice (FN) was generated, approved and
distributed. A total of four Feedback Notices were distributed during the program as listed in
Table 2-1. The Feedback Notices were issued using the information and .data on hand at the

time. The complete information in this report supersedes the Feedback Notices.

NRC In-Process Reviews -

Twice per year, the Core Group Chairmen and Project Managers met with the NRC to brief the
NRC on the status and results of the program. 'Appendix D contains a list of the meeting dates.
During these meetings, the NRC had the opportunity to ask questions and discuss the test data.
Questions and comments that could not be fully resolved with the information on hand were
noted for further discussion in subsequent meetings. Adjustments to the program or to the
analyses of the data were made based on the NRC’s input during these meetings.

FINAL PERIODIC VERIFICATION APPROACH

Based on the successful completion of the dynamic test program, this report defines the final
JOG MOV periodic verification approach. Specifically, Section 7 of this report provides the
implementation steps and guidance that participating plants should use to establish their long-
term periodic verification program. The final approach has similarities to the interim approach.:
The comprehensive results from DP testing provide the basis for the final approach including,
where needed, adjustments to the interim approach.
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Table 2-1. Feedback Notices Issued in JOG MOV PV Program’

7 All Feedback Notices are superseded by this report.

MPR-2524-A

. Applicable Revision at
Number Title plI)En d of Program
FN-01 Information on Increases in Required Thrust and Valve Revision 2,
Factor for Gate Valves with Low Initial Valve Factors issued May 2002
FN-02 Adjustment to JOG PV Program Coverage Based On Revision 0,
In-Plant Test Matrix __issued October 1999
FN-03 Results and Observations from Gate Valve Tests Revision 0,
Following Valve Disassembly and Reassembly issued February 2000
FN-04 Results and Observations from Butterfly Valve Tests Revision 0, 7
with Bronze Bearings in Untreated Water Systems issued September 2003
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3 Test Program Results for Gate Valves

SUMMARY

For the majority of gate valves, disk-to-seat friction controls gate valve required DP thrust, and is
the key mechanism affecting potential degradation. Gate valves show no evidence of age-related
degradation (i.e., increases in required thrust due only to the passage of time). Gate valves show
stable disk-to-seat friction and no evidence of service-related degradation (i.e., increases in.
required thrust due to DP stroking), except under particular conditions. Specifically,
disassembly and reassembly of a gate valve tends to reduce the valve factor. This reduced value
tends to increase as a result of DP stroking, to values typical of non-disassembled valves. Some
non-disassembled gate valves, particularly those that are not DP stroked in service, also show
low disk-to-seat valve factors. These valve factors increased during the course of DP testing in
the JOG MOV PV Program.

Disk-to-guide friction occasionally controls required DP thrust in the opening direction, but is of
negligible influence in the closing direction. Disk-to-guide friction was observed to be stable,
with the exception of disassembled valves with self-mated carbon steel guides, self-mated 300
series stainless steel guides and 300 series vs. 17-4PH stainless steel guides. For these materials,
disassembled valves show a slight decrease in guide friction, which tends to increase with DP
stroking to values typical of other, non-disassembled valves. Guide valve factors for valves with
carbon steel guides at elevated temperatures were higher than those observed in cold water, but
the values remained stable.

Anchor/Darling double disk and Aloyco split wedge gate valves have additional mechanisms that
affect hard seating at the end of closing strokes. The test results show that there is no
degradation associated with these mechanisms.

APPROACH FOR GATE VALVES

The intent of the JOG MOV PV Program was to test gate valves with a range of design attributes
and fluid conditions to determine if there were observable changes in required DP thrust which
could be related to degradation. As described in the JOG MOV PV Program Description Topical
Report (Reference 3), two potential mechanisms for degradation of gate valve DP thrust were
identified.

e An increase in disk-to-seat friction due to DP stroking or effects of the fluid environment.
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e An increase in guide friction due to DP stroking or effects of the fluid environment on
~ Stellite guides, or due to corrosion of carbon steel guides, or due to wear or galling of
non-hardfaced guides caused by DP stroking.

For the majority of gate valves, the required DP thrust is controlled by friction at the disk-to-seat
interface. In some cases, disk guide-to-body guide friction can control the required thrust. The
Topical Report (Reference 3) identified the key factors that can potentlally influence the frlctlon
behavior for gate valves.

Disk and seat material pair

Disk and body guide material pair
Fluid environment and temperature
Cumulative DP strokes

Current valve factor

Accordingly, it was judged important to identify test valves that cover an appropriate range of
each key factor. The industry was surveyed to determine what gate valves were available for
periodic DP testing. The 134 gate valves tested in the JOG MOV PV Program were selected
from the valves identified in the survey results, to cover the desired key factors.

GATE VALVE TEST MATRIX AND APPLICABILITY

One-hundred and fhirty-four gate valves were tested in the JOG MOV PV Program. Tables 3-1A
-and 3-1B summarize the design and application attributes of these valves and-Table 3-2
summarizes the test conditions, including fluid and stroking conditions.

Key Factors Associated with Potential Degradation

As identified in Reference 3, the key factors associated with the potential degradation of gate
valves are: disk-to-seat materials, disk-to-body guide surface materials, fluid medium and
temperature, frequency of DP stroking, and current valve factor. The gate valves tested in the
JOG MOV PV Program provided good coverage of these factors.

Disk to Seat Materials -
Gate valves with the following disk-to-seat materials were tested:

Stellite disk vs. Stellite seat (117 valves)

400 series Stainless Steel disk vs. 400 series Stainless Steel seat (5 valves)
400 series Stainless Steel disk vs. Stellite seat (4 valves)

400 series Stainless Steel disk vs. Monel seat (4 valves)

Exelloy disk vs. Monel seat (3 valves)

Deloro 50 disk vs. Deloro 50 seat (I valve)

Consistent with the general population of motor-operated gate valves in nuclear power
- applications, the majority of tested valves have self-mated Stellite seats. The evaluation of this
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data is more extensive compared to the 17 valves with other, less prevalent, seat materials.
Stellite for these valves, by design, is Stellite 6 or an equivalent grade. It is likely that some
tested valves had Stellite 21 on a disk or seat face. These two grades of Stellite are similar and
no attempt was made to distinguish them in the data.

Exelloy is a heat-treated 400 series Stainless Steel material used by Crane Valves. Depending on
the heat treatment and corresponding hardness, the material may meet the requirements for
ASTM 182/F6 or 351/CA15. Throughout this report, 400 series Stainless Steel and Exelloy are
considered to be equivalent. Monel is a nickel-copper alloy that is highly resistant to salt water,
and various acid and alkaline solutions. Deloro 50 is a cobalt-free, nickel-based hardfacing
material that has been used sparingly in gate valves.

Disk-to- Body Guide Surface Materials
Gate valves with the following combinations of disk-to-body guide surface materials were tested,
covering the predominant materials used in nuclear power plant applications:

Carbon steel disk guide vs. Carbon steel body guide (517 valves) »

Carbon steel disk guide vs. 17-4 PH Stainless Steel body guide (7 valve)

‘Stellite disk guide vs. Carbon steel body guide (9 valves)

Stellite disk guide vs. 17-4PH Stainless Steel body guide (73 valves)

Stellite disk guide vs. 300 series Stainless Steel body guide (7 valves)

Stellite disk guide vs. Stellite body guide (1 valve) :

Stellite disk guide vs. Malcomized 410 Stainless Steel body guide (2 valves) =

300 series Stainless Steel disk guide vs. 300 series Stainless Steel body guide (17 valves) -
300 series Stainless Steel disk guide vs. 17-4 PH Stainless Steel body guide (4 valves)
300 series Stainless Steel disk guide vs. Carbon steel body guide (4 valves)

300 series Stainless Steel disk guide vs. Stellite body guide (1 valve)

400 series Stainless Steel disk guide vs. Carbon steel body guide (1 valve)

Some gate valves tested in the program (Anchor/Darhng double disk and some Aloyco split
wedge valves) do not have gu1des

Type of Fluid
Gate valves were tested in clean (treated) water systems (/09 valves) in raw (untreated) water
- systems (/4 valves), and in steam systems (/] valves).

Fluid Temperature
Gate valves with the following temperature conditions were tested:
e valves in cold water (<120°F) systems (102 valves)
e valves that operate in hot water (>120°F) systems, but were tested under cold cond1t1ons
(16 valves)
~e valves in hot water systems (test temperatures from 120° to 225°F ) (5 valves)
e valves in steam systems (test temperatures from 455° to 585°F) (11 valves)

® Three valves in hot water systems (G91.06, G99.04 and G99.05) had one JOG test performed at a temperature
<120°F and the other JOG tests performed at temperatures >120°F.
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Frequency of DP Stroking :

Most gate valves in nuclear power applications are e1ther not stroked against DP during normal
operation, or accumulate very few strokes (e.g., during system testing). A few valves routinely =
stroke against DP during plant operation. The gate valves selected for testing included an
extensive range of DP stroking between JOG test sequences (0 to 168 DP strokes). Table 3-2
provides the number of DP strokes between tests for each valve. This stroking information was
provided in the test data package for each valve. The information was prepared by plant
personnel using their records, experience and discussions with others. This information is -
approximate because the valves do not have stroke counters or-monitors to precisely record their
detailed operating histories. Although the information includes estimates, it was judged
appropriate for use in understanding the trends of behavior.

For analysis purposes, the 134 tested valves were divided into three groups based on typical DP
stroking information provided by the plants and based on the estimated DP strokes that occurred
between JOG tests.

e Valves that are not typically DP stroked during normal operatlon are con51dered NO
stroking valves. (53 valves)

e Valves that accumulate a few (approx1mately 1-4) DP strokes per year are considered
LOW stroklng valves. (48 valves) -

e Valves that are stroked frequently agalnst DP (>5 strokes per year) are con51dered HIGH
stroking valves. (33 valves) :

. Current Valve Factor

‘The 134 gate valves selected for testing exh1b1ted a w1de range of current valve factor at the
“program outset. Seventy-one (71) valves had baseline valve factors less than 0.4 and 63 valves
‘had baselme valve factors of 0.4 or greater.

Additional Valve Désigh, Attributes

In addition to the key factors described above, the tested gate valves provided good coverage of
other valve design attributes and operating conditions. Although these additional design -
attributes and operating conditions are not identified in Reference 3 as important applicability
factors for the data, it was judged prudent to cover an appropriate range of attributes and
operating scenarios typical for nuclear power applications. The additional attributes/operating
conditions are discussed below. : :

Valve Manufacturer
The gate valve test matrix covers the following manufacturers: Aloyco, Anchor/Darling, Borg-
Warner, Crane, Pacific, Powell, Velan, Walworth and Westinghouse.

Valve Size :
The test matrix covers ten unique 51zes rangmg from 3 to 24 1nches
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Pressure Class
The test matrix covers six unique ANSI pressure classes: 150, 300, 600, 900, 1500 and 2035.

Disk Type
- The test matrix covers four different disk types: solid wedge (24 valves), flexible wedge (83

* valves), Anchor/Darling double disk (/9 valves) and Aloyco split wedge (8 valves). Most solid
and flexible wedge gate valves have guide slots on the disk and guide rails on the body. A few
gate valves have an inverted guide arrangement (rails on the disk and slots in the body). There
are nine JOG valves with the inverted guide arrangement.

As discussed in Reference 3, solid and flexible wedge gate valves are considered to be equivalent
with regard to the mechanisms which affect required thrust and potential degradation. Therefore,
‘the data from one type is applicable to the other type as well. Anchor/Darling double disk and
Aloyco split wedge gate valves have mechanisms that affect stem thrust which are different from
flexible and solid wedge gate valves. In some portions of the stroke, the required thrust for
double disk and split wedge valves is controlled by disk-to-seat sliding. During this portion of
the stroke, the data from these valve types can be included with the data from flexible and solid
wedge valves. At the end of the closing stroke, however, the required thrust to hard seat double
disk and split wedge valves is controlled by other mechanisms. These mechanisms and the
evaluation for degradation are discussed later in Topics D-Hard Seating of Anchor/Darling
Double Disk Gate Valves and E-Hard Seating of Aloyco Split Wedge Gate Valves.

Normal Valve Position
The test matrix includes 63 valves that are normally open and 71 valves that are normally closed.

Stem Orientation _

The test matrix includes 79 valves with vertical stems and 44 valves with horizontal stems (22 in
a horizontal pipe and 22 in a vertical pipe). Eleven valves have other stem orientations, rangmg
from 20° to 120° from vertical.

History of Disassembly/Reassembly

The test matrix includes 40 valves that had internal valve maintenance within the two-year
period preceding initial JOG testing. Internal maintenance includes disassembly of the valve,
such that the body-to-bonnet seal is broken, and reassembly following maintenance. Ninety-four
valves were not disassembled/reassembled within the two-year period precedmg initial JOG
testing.

Flow Rate : : ‘
The test matrix covers water flow rates from 33 - 23 ,500 gpm and steam flow rates from 6700 -
275,000 Ibm/hr. Using nominal valve size, these flow rates yield water velocities from 0.6 —
46.5 ft/sec and steam velocities from 16.8 to 114 ft/sec.

Differential Pressure

The test matrix covers valves with as-tested DP values ranging from 39 — 2845 psid. An
approximate breakdown of as-tested DP and the number of valves tested in each range is below.

e 200 psid or less: 52 valves
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200-500 psid: 37 valves
500-1000 psid: 11 valves
1000-2000 psid: 24 valves
>2000 psid: 10 valves -

METHODS FOR ANALYZING GATE VALVE TEST DATA

The vast majority of valves tested in the JOG MOV PV Program were gate valves, and the -
amount of data collected for evaluation was extensive. This section dCSCI'leS how the data were
analyzed and evaluated for degradation. :

Seat and Guide Friction

As described earlier, degradation in required thrust for gate valves can be attributed to increases
in disk-to-seat friction and increases in guide friction. During a typical gate valve closing stroke
under dynamic conditions, the required thrust is initially controlled by packing and stem '
rejection forces until DP builds up across the disk. The DP then pushes the disk against the body
guide, such that the required thrust is increased by friction at the disk guide-to-body guide
interface. In valves with no guides or with ample guide clearance, the DP load in mid-stroke i is
reacted at the downstream seat ring. At the point where flow is stopped (i.e. , the downstream
disk ring covers the seat ring), the valve has transitioned from guide sliding to disk-to-seat
sliding, such that the required thrust is controlled by friction at the disk-to-seat interface. Once -
the disk is hard-seated, disk motion stops, the DP thrust portion of the stroke ends, and the thrust
increases until the actuator reaches control switch trip (CST). In the opening direction, the
Process reverses. ' '

- Although the required thrust during the guide-controlled and seat-controlled portions of the
stroke are both controlled by the frictional interface of two surfaces, the analyses of the two are
not directly comparable. Therefore, the analysis of the JOG MOV PV Program gate valve test
data presented later in this section covers disk-to-seat friction and disk-to- gulde friction
separately. -

Analysis of Test Data and Valve Factor Determination

In accordance with the JOG DP Test Specification (Reference 9), each plant that tested a gate
valve prepared a test data package for each test of the valve. In each package, the test data were
analyzed following standard procedures.

In the closing stroke, the measured stem thrust and measured pressure at points of running, flow
isolation, initial wedging and the point of maximum stem thrust were identified and tabulated.
The stem thrust at control switch trip and final condition were also recorded, but these values are
not used in data analysis. For some gate valves, a “zone” of seating was identified, in which
case two points of initial wedging were determined. Only the first point of wedging, however, is
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considered for the analysis of disk-to-seat friction’. In most cases, the point of maximum closing
thrust occurs in the region of the stroke controlled by disk-to-seat sliding, and is usually '
equivalent to the first or second (if it exists) point of initial wedging. For the flow isolation,
initial wedging, and maximum thrust points, the required DP thrust was determined and
converted to a valve factor. See Reference 9 for examples of this analysis.

In the opening stroke, the measured stem thrust and measured pressure at points of cracking
(unwedging), just after cracking, flow initiation, maximum stem thrust (after cracking) and
running were identified and tabulated. In the opening stroke, the point of maximum thrust can
occur in either the seat controlled (before flow initiation) or guide controlled (after flow
initiation) region of the stroke. For the just after cracking, flow initiation, and maximum after
cracking points, the required DP thrust was determined and converted to a valve factor. See
Reference 9 for examples of this analysis.

In most cases, data were obtained for both closing and opening dynamic strokes. In a few
instances, plants were unable to DP stroke the valve or could not achieve meaningful DP ina -

particular direction. In these cases, data for only one stroke direction was provided. About one-. -

third of the gate valve tests had a single DP cycle (open; close or both). For the other two-thirds,
two DP cycles were typically performed back-to-back.

For the purposes of addressing disk-to-seat frlctlon, valve factors at the following points are . .
considered: flow isolation, initial wedging (first point), just after cracking and flow initiation.
The justification is that the required thrust at these points is always controlled by disk-to-seat
sliding.

For the purpose of addressing disk-to-guide friction, valve factors at the following points are
considered: maximum closing thrust and maximum after cracking in the opening stroke, when
determined to occur during the guide controlled portion of the stroke (i.e., before flow isolation
for closing and after flow initiation for opening). The justification for this approach is that the
required thrust at these points is expected to be controlled by disk-to-g'uid_e sliding.

The JOG MOV PV Program equatiohs for determining valve factor are provided in Appendix A.

Coefficient of Friction and Valve Factor

For some valves, the closing and opening valve factors may show different magnitudes. Inthese -
situations, it is difficult to combine close and open values together. As an alternate approach, the. -
apparent disk-to-seat coefficient of friction (COF) is used to evaluate close and open data
together. In general, valve factors are used to evaluate data trends. For determining quantltatwe
results for the purposes of implementation, apparent disk-to-seat COFs are used.

? For solid and flexible wedge valves, the required thrust at the second point of wedging is attributed to mechanisms
other than disk-to-seat friction and is not considered in the analysis of gate valve degradation. For Anchor/Darling
double disk and Aloyco split wedge valves, the required thrust at the second wedging point is attributed to special
seating mechanisms for these valve designs. Further discussion on the seating behavior for these valves is presented
later in this section.
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COF can be determined from valve factor using an adjustment for wedge angle. The equations
are provided in Appendix A. For closing strokes of wedge gate valves, the disk-to-seat COF will
be slightly lower than disk-to-seat valve factor. For opening strokes, the disk-to-seat COF will
be slightly higher than disk-to-seat valve factor. - For parallel disk valves valve factor and COF
are equal.

Determining Valve Factor for Valves with Parasitic Load

The JOG MOV PV Program methodology for calculating valve factor compares two points from
the same measured stem thrust trace (i.e., same DP test) to determine the required DP thrust.
Specifically, the difference in measured thrust between the identified point of interest (e.g.,
initial wedging) and the running portion of the stroke, adjusted for stem rejection, provides the
required DP thrust at the point of interest (see Appendix A).

Some gate valves tested as part of the JOG MOV PV Program showed unusual behavior during

- the static and dynamic tests, requiring an alternate method to calculate valve factor. Specifically,
the thrust increased to a higher-than-expected value as the disk approached the seated position.
This phenomena, often referred to as “parasitic loading,” is most readily identified during a static
stroke, as shown in the example test traces in Figure 3-1. The top of Figure 3-1 shows the case
where the valve experiences an increase in thrust at the end of the closing stroke, just before the
valve seats. In this example, the thrust at seating (i.e., initial wedging) is 42%, or 201.1bs, higher
than the thrust measured at the beginning of the stroke. The bottom of Figure 3-1 shows the case
where the apparent packing load steadily increases as the valve strokes from open to closed. In
this example, the thrust at seating is 179%, or 1572 1bs, higher than the thrust measured at the
beginning of the stroke. These parasitic effects are also present in the dynamic test traces,

_ although the magnitude of the effect can be masked by the DP thrust.

The concern is that this elevated load, which cannot be attributed to DP thrust, can influence
(i.e., artificially inflate or deflate) the valve factors calculated using the standard JOG
methodology. For JOG gate valves determined to have significant parasitic loads observable in
the static and DP traces, an alternate valve factor method was developed. Specifically, the
dynamic thrust at the point of interest (e.g. initial wedging) was compared to the static thrust at
the identical point in the stroke. This method removes the “parasitic” effect measured in the .
static test from the overall DP thrust. The equations for calculatlng valve factors for valves with
parasitic load are provided in Appendix A.

All 134 JOG gate valves were screened for parasitic loading. For each static test, the measured
thrust at running and initial wedging were evaluated for significant differences. Valves which
passed this screen had their thrust traces examined for a parasitic loading “fingerprint” in both
static and DP traces. Twelve valves showed significant parasitic loading fingerprints in both
static and DP strokes. For these valves, the alternative valve factor method was utilized.

Disassembly/Reassembly of Valves

A significant factor that affects evaluating gate valve data is disassembly and reassembly of the
valve prior to performing DP testing. The JOG MOV PV Program Test Specification (Reference
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9) recognized this factor, and did not permit any internal maintenance of the valve between the
baseline and third test. There were no restrictions, however, on internal maintenance of the valve
prior to the initial baseline JOG test. ‘Of the 134 gate valves tested, 40 were disassembled for
internal maintenance and then reassembled prior to the JOG baseline test'”.

The JOG Test Specification defines valve disassembly as the disassembly of the valve body-to-
bonnet joint. Examples of typical valve internal maintenance activities include: disk or stem
replacement, disk inspection, grinding/smoothing of the disk wedge or body rails, or valve
modifications (e.g., installation of pressure relief ports to address pressure-locking).

In the evaluation of test data presented later in this section, the impact of disassembly/reassembly
on gate valve required thrust is discussed in detail. Given its impact, valves that were
disassembled/reassembled prior to the baseline test are identified separately on supporting plots
and figures. '

Description of Plots Used for Analysis

In the analyses of gate valve test results presented later in this section, several types of plotting
techniques are used to display test data and results. A general description of these plots is
provided below. '

Valve Factor Trend Line Plots
These plots present the valve factors for each test of a valve, connected as a single line

from the first test to the final test. A separate plot is typically generated for each point in
the stroke where a valve factor is calculated. The y-axis provides the valve factor value.
The x-axis provides the test sequence information. Baseline test data is indicated by a
“B”, second test data by an “S” and third test data by a “T”. In cases where consecutive
DP strokes were performed as part of a test series, these data are indicated by the numbers
“1” and “2” (e.g., B1 and B2). See Figure 3-13 for an example of this plot.

‘Some trend line plots contain information related to specific valve design features or
system attributes. Different line and symbol styles are used to convey this information. In
these cases, the plot legend conveys the interpretation of this information.

These plots may also include the average valve factor or range of valve factors for the
group of valves covered by the plot. This information is only calculated for the first stroke
of each test (i.e., B1, S1 and T1)." In all cases where this information is compared from
one test to another test, identical valve populations are used. See Figure 3-2 for an
example of this plot. : ' ' ’

Average valve factors are typically included for plots containing data for three or more
valves. For valves with valid baseline and second test data (first stroke), an average
baseline and second test valve factor is calculated, and these points are connected by a

' The maintenance history for all gate valves was collected for the 2-year period preceding the baseline test, and all
valves that were disassembled/reassembled in this period were identified. In some cases, the disassembly history of
the valve beyond the 2 preceding years was collected where it was required to address the valve factor performance.
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thick dark line. For valves with valid baseline, second and third test data (first stroke), an
average valve factor is calculated for each test, and a dark-dashed line connects these
points''. For each average line, information in the legend identifies the number of valves
included in the average. Depending on the available data, the number of valves included
in the average may vary from point-to-point in the stroke.

In cases where plots include data for disassembled/reassembled valves and non-
disassembled valves together, the data for each are uniquely identified. In addition,
average valve factors for disassembled and non-disassembled valves are calculated
separately. -

AValve Factor vs. Initial Valve Factor Plots )

These plots present the observed change in valve factor between tests versus the initial
(i.e., starting) valve factor as a single data point. The y-axis provides the change in valve
factor values between first strokes (B1, S1 or T1) of subsequent tests. The x-axis provides
the initial valve factor value. Specifically, the change in valve factor from the baseline to
second test (B1 to S1) is plotted against the baseline test value (B1). Similarly, the change
in valve factor from the second to third test (S1 to T1) is plotted against the second test
value (S1). Changes from the baseline to second test and changes from the second to third
tests are typically differentiated by symbol type. In cases where the plot includes data for
disassembled/reassembled valves and non-disassembled valves together, the data for each
are uniquely identified. See Figure 3-4 for an example of this plot. '

Using this plotting technique, multiple points in the stroke can be shown together. For
seat friction analyses, these plots include the data at all four points of interest (flow
isolation, initial wedging, just after cracking and flow initiation). These plots may also
contain information related to the overall performance of the data population included in
the plot. One example is the least-squares (best fit) linear regression line through the data.
Plotted as a solid dark line, this line provides an overall trend of the data.

For valves which show different closing and opening valve factors, it may be more
instructive to use coefficients of friction values instead of valve factors. In these cases, a
ACOF versus initial COF plot is used.

' Note that the population of valves used to calculate the baseline-to-second test average and baseline-to-second-to-
third average may be different. Therefore, the calculated baseline and second test averages may be different
depending on the average method used.
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GATE VALVE TEST RESULTS AND ANALYSES

Due to the large number of gate valves tested in the JOG MOV PV Program, the dlscussmn of
the test results and analyses is extensive. The data have been evaluated in several manners,
including analyzing valve factor trends by valve design attributes such as disk-to-seat material
and disk-to-guide material. Additionally, the data have been evaluated to determine the effects -
of service and maintenance activities on valve factor, such as valve disassembly/reassembly, DP
stroking, static testing and pipe draining/venting. The discussion of the gate valve test results
and analyses presented throughout the remainder of this section is organized by the followmg

topics.

Topic A: Evaluation of Disk-to-Seat Friction for Gate Valves with Self-Mated Stellite Seats -

Topic B:  Evaluation of Disk-to-Seat Friction for Gate Valves with Other (Non-Stellite) -
Seat Materials

Topic C: Evaluation of Disk-to-Guide Friction v

Topic D: Hard Seating of Anchor/Darling Double Disk Gate Valves

Topic E: Hard Seating of Aloyco Split Wedge Gate Valves

Topic F:  Effects of Valve Disassembly and Reassembly

Topic G: Effects of DP Stroking

Topic H:  Effects of Static Testing

TopicI:  Effects of Draining/Venting

Topic J:  Other Gate Valve Evaluations

Topic K: - Gate Valve Conclusions

A. EVALUATION OF DISK-TO-SEAT FRICTION FOR GATE VALVES WITH SELF-
MATED STELLITE SEATS

Since disk-to-seat material is judged to be the primary influence on seat friction, the gate Valve
data are initially grouped for analysis based on this attribute. Valves tested with self-mated
Stellite seats (117 valves) are evaluated first. Valves tested with other (non-Stellite) seat
materials are discussed in Topic B. Other potential influences on degradation, including fluid
medium and temperature, DP stroking and valve disassembly effects, are addressed within each

- group.

Gate valves with self-mated Stellite seats are separated into the following four groups based on
fluid type and temperature (see Tables 3-1A and 3-1B):

e Valves that operate and are tested in cold treated water (<120°F) systems (78 valves)
Valves that operate and are tested in cold untreated water (<120°F) systems (1! valves)
Valves that operate in hot water (>120°F) systems but are tested in cold water
(16 valves)

e Valves that operate and are tested in hot water or steam systems (12 valves)
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A.1 Cold Treated Water

For analysis purposes, the 78 valves with self-mated Stellite seats in cold treated water were
divided into three groups according to the valve DP stroking frequency, including normal -
~ operation and in between JOG tests (see Table 3-2 for stroking categories).

Valves that are not typically DP stroked during normal operatlon are considered NO
stroking valves. (33 valves) :

Valves that accumulate a few (1-4) DP strokes per year are considered LOW stroking
valves. (29 valves) ,

Valves that are stroked frequently against DP (>5 strokes per year) are considered HIGH
stroking valves. (16 valves)

No DP Strokes

The JOG MOV PV Program tested thirty-three gate valves with Stellite seats in cold
(£120°F) treated water systems that are not typically DP stroked. Figures 3-2 and 3-3
show the average closing and opening valve factors across the three test series. Separate
averages are shown for valves that were disassembled and then reassembled prior to the
baseline test and valves that were not disassembled prior to the baseline test.

Twenty-three valves had no internal maintenance or valve disassembly in the two years
prior to the baseline test. As seen in Figures 3-2 and 3-3, these valves exhibit a wide range
of valve factors across the three tests, with similar ranges at all four points where disk-to--
seat friction valve factors are calculated. In all cases, the average valve factor is stable
across the three tests, indicating no apparent degradation.

Ten valves were disassembled for internal maintenance and reassembled prior to the
baseline test. At all four points, the average baseline valve factor for disassembled valves
is lower than for non-disassembled valves. As shown in Figures 3-2 and 3-3, the range of
baseline valve factors for disassembled valves is typically narrower than for non-
disassembled valves. The reduced baseline valve factors are attributed to the _
disassembly/reassembly of the valve. In the second test, the lower average baseline valve
factors increase to values similar to non-disassembled valves. The average valve factor
increases in the third test as well, although to a smaller degree. These increases in valve
factor are attributed to DP stroking for JOG testing. The final average valve factors for
disassembled valves are similar to the final average valve factors for non-disassembled
valves.

Valve factors and changes in valve factors were examined for effects of normal valve _
position. Both normally open and normally closed valves were analyzed, and no apparent
valve factor trend was observed. The data were also examined for effects of stem
orientation. Both horizontal and vertical stems were analyzed, and no apparent valve
factor trend was observed.

Figure 3-4 shows the change in valve factor between subsequent tests versus initial valve
factor. As shown by the best fit trend line through the data, valves with low initial valve

MPR-2524-A o 3-12



factors tend to show the largest increases between tests, and valves with high initial valve
factors tend to be stable or decrease. In particular, valves that were
disassembled/reassembled prior to the baseline test show a strong tendency to increase
from low values. Some valves with low initial valve factors that were not disassembled
also show increases, although the changes are smaller. The increase in valve factor from
low initial values is attributed to DP stroking of the valves. Although these valves are not
typically DP stroked during normal operation, the DP strokes performed during JOG
testing appear to be the driver of the increases.’

Low DP Strokes

The JOG MOV PV Program tested twenty-nine gate valves with Stellite seats in cold
treated water systems with low DP stroking (1-4 DP strokes per year). Figures 3-5 and 3-6
show the average closing and opening valve factors across the three test series. Separate
averages are shown for valves that were disassembled and then reassembled prior to the
baseline test and for valves not disassembled prior to the baseline test.

Seventeen valves had no internal maintenance or valve disassembly in the two years prior
to the baseline test. As shown in Figures 3-5 and 3-6, these valves exhibited a wide range
of valve factors across all three tests, with points of “Initial Wedging” and “Just After
Cracking” showing slightly larger ranges than points of “Flow Isolation” and “Flow
Initiation.” In all cases, the average valve factor is stable across the three tests, indicating
no degradatlon : :

Twelve valves were disassembled for internal maintenance and reassembled prior to the ©
baseline test. As shown in Figures 3-5 and 3-6, the range of valve factors for disassembled
valves is typically narrower than for non-disassembled valves. At all four points, the
average baseline valve factors for disassembled valves is similar to or lower than for non-
disassembled valves. The reduced baseline valve factors are attributed to the
disassembly/reassembly of the valve. In the second test, the lower average baseline valve
factors increase to values similar to non-disassembled valves. The average valve factor
increases a similar degree in the third test as well. These increases in valve factor are
attributed to DP stroking. The twelve valves had 0 to 4 DP strokes prior to the second test
and 0 to 2 strokes prior to the third test.

The closing averages and ranges on Figure 3-5 exclude data from one disassembled valve,
G32.02. The individual results for this valve are shown on Figure 3-5. The closing data
for this valve show lower baseline valve factors that increase on the second and third tests,
consistent with the performance of disassembled valves. However, the magnitudes of
valve factor increase in the second and third tests and the final valve factor values are
inconsistent with other valves within this group. Several evaluations were carried out to
determine if there were unique configuration or application attributes that could help
explain the unusual results. For example, valve attributes such as manufacturer, materials,
etc., were evaluated and system attributes, such as water chemistry, were examined. The
very high valve factors could not be correlated to any of these attributes. Based on these
evaluations and considering the behavior of the remainder of valves in this group, the
closing valve factors for G32.02 appear to be outliers.
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Valve factors and changes in valve factors were examined for effects of normal valve
position. Both normally open and normally closed valves were analyzed, and no apparent
-valve factor trend was observed. The data were also examined for effects of stem

- orientation. Both horizontal and vertical stems were analyzed, and no apparent valve
factor trend was observed.

Figure 3-7 shows the change in valve factor between subsequent tests versus initial valve
factor. The data does not include the outlier closing data for valve G32.02. As indicated
by the best fit trend line through the data, valves with low initial valve factors tend to show
the largest increases between tests, and valves with high initial valve factors tend to be
stable or decrease. In particular, valves that were disassembled/reassembled prior to the
baseline test show a strong tendency to increase from low values. The increase in valve
factor from low initial values is attributed to the DP stroking of the valves. :

High DP Strokes _ _

The JOG MOV PV Program tested sixteen valves with Stellite seats in cold treated water
systems with high DP stroking (>5 DP strokes per year). Figures 3-8 and 3-9 show the
average closing and opening valve factors across the three test series.. Separate averages
are shown for valves that were disassembled and then reassembled prior to the baseline test
and valves that were not disassembled prior to the baseline test.

Nine valves had no internal maintenance or valve disassembly in the two years prior to the
baseline test. As seen in Figures 3-8 and 3-9, these valves exhibit a wide range of valve
factors across the three tests, with similar ranges at all points. In all cases, the average
valve factor is stable across the three tests, indicating no apparent degradation.

Seven valves were disassembled for internal maintenance and reassembled prior to the
baseline test. At all four points, the average baseline valve factor for disassembled valves
is lower than for non-disassembled valves. The range of baseline valve factors for
disassembled valves is typically narrower than for non-disassembled valves. The reduced
baseline valve factors are attributed to the disassembly/reassembly of the valve. In the
second test, the lower average baseline valve factors increase significantly. This increase
in valve factor is attributed to DP stroking. In the third test, the average valve factor
remains stable between the second and third tests at all four points. Additional DP
stroking does not appear to affect the valve factor. The final average valve factors for
disassembled valves are similar to average valve factors for non-disassembled valves.

The closing averages and ranges on Figure 3-8 exclude data from one disassembled valve,
G27.10. The individual closing results for this valve are shown on Figure 3-8. This valve
did not provide valid closing data in the baseline test. The data for G27.10 shows closing
valve factors in the second and third tests that are significantly higher than other
disassembled valves within this group. The valve had a very high number of DP strokes
between JOG tests (88 strokes between baseline and second tests and 159 strokes between
second and third tests). However, other valves within this group that had a similar number
of DP strokes between tests did not exhibit equally high valve factors. Several evaluations
were performed to determine if there were unique valve attributes such as manufacturer,
materials, etc., that could help explain the unusual results. The high valve factors could
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not be correlated to any of these attributes. Based on these evaluations, and considering
the behavior of the remainder of valves in this group, the closmg valve factor data for
(G27.10 appear to be an outlier.

Valve factors and changes in valve factors were examined for effects of normal valve
position. Both normally open and normally closed valves were analyzed, and no apparent
valve factor trend was observed. The data were also examined for effects of stem
orientation. Both horizontal and vertical stems were analyzed, and no apparent valve
factor trend was observed.

Figure 3-10 shows the change in valve factor between subsequent tests versus initial valve
factor. The data does not include the outlier closing data for valve G27.10. As shown by
the best fit trend line through the data, valves with lower initial valve factors tend to show
the largest increases between tests, and valves with high initial valve factors tend to be
stable or decrease. Specifically, valves that were disassembled/reassembled-prior to the
baseline test show a strong tendency to increase from low values. Valves that were not
disassembled prior to the baseline test tend to show a mixture of small increases and
decreases between tests. The increase in valve factor from low initial values is attrlbuted
to DP stroking of the valves.

A.2 Cold Untreated Water

The JOG MOV PV Program tested eleven gate valves with Stellite seats in cold (<120°F),

untreated water systems. Figures 3-11 and 3-12 show the average closing and opening stroke

valve factors across the three test series. Similar to the analysis for cold treated water, separate

averages are shown for valves based on the number of DP strokes between JOG tests. Overall,.

the average valve factors show small increases and decreases between tests, but indicate no
.apparent degradation.

Five valves are not typically stroked against DP between tests. Three valves are typically
stroked 4 to 8 times between tests and three valves are frequently stroked (7 to 158 DP strokes)
between tests. As shown in Figures 3-11 and 3-12, valves with a higher frequency of DP strokes
exhibit higher overall valve factors compared to the other valves. Valves that were not DP
stroked between tests exhibit lower overall valve factors. Additionally, valves with higher

- overall valve factors show stable valve factors between tests while valves with lower overall
valve factors show more variation in between tests. These variations include both increases and
decreases, but do not indicate a degradation trend.

Two valves (G06.02 and G20.01) were disassembled and reassembled immediately prior to the
baseline test. Both valves were not DP stroked in the time between disassembly/reassembly and
the baseline test. However, G06.02 was DP stroked 8 and 0 times respectively, and G20.01 was
DP stroked 4 times each, between tests. Figure 3-13 shows the individual closing valve factors-
for all eleven valves at the point of Initial Wedging. As seen in the figure, both G06.02 and
G20.01 show lower baseline valve factors compared to the non-disassembled valves. This is
consistent with other disassembled gate valves which exhibit low initial valve factors after

- disassembly/reassembly. At the point of Initial Wedging, the valve factors for G06.02 increase
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slightly in the second test and continue to increase slightly in the third test. The valve factors for
G20.01 increase slightly in the second test and then decrease slightly in the third test. At other
stroke points, both valves show slight changes. Based on the data from two valves,
disassembly/reassembly does not appear to have as significant an effect on valves in cold
untreated water as it does on valves in cold treated water.

Valve factors and changes in valve factors were also examined for effects of normal valve .
position. Both normally open and normally closed valves were analyzed, and no apparent valve
factor trend was observed. The data were also examined for effects of stem and pipe orientation
to address a specific degradation mechanism identified in the JOG Program Description Topical
Report (Reference 3) for valves in untreated water systems. Specifically, valves with horizontal
stems exposed to raw water were judged as being susceptible to effects of corrosion. All
combinations and stem and pipe orientations were analyzed, and no apparent valve factor trend
was observed. -

Figure 3-14 shows the change in valve factor between subsequent tests versus initial valve factor.
As shown by the best fit line through the data, the trend indicates that valves with lower initial
valve factors tend to show the largest increases, and valves with higher initial valve factors tend
to be stable or decrease. Overall, the valve factor trends for gate valves in cold untreated water
systems are analogous to gate valves in cold treated water systems.

A.3 Hot Treated Water Systems, Tested in Cold Treated Water

The JOG MOV PV Program included sixteen gate valves with Stellite seats that normally

operate in hot (>120°F), treated water systems which were tested in cold, treated water. These
valves are typically located in RHR or safety injection systems, such that during normal plant
operation they can be exposed to temperatures from 130 to 525°F. During the JOG tests, these ’
valves experienced temperatures from 52 to 108°F. Figures 3-15 through 3-18 show the closing
and opening valve factors for these valves across the three test series. Figures 3-15 and 3-16
show the average valve factors for valves that had no internal maintenance or valve disassembly
prior to the baseline test. Figures 3-17 and 3-18 show the individual valve factors for valves that
were disassembled and then reassembled prior to the baseline test.

Fourteen valves had no internal maintenance or valve disassembly in the two years prior to the
baseline test. As shown in Figures 3-15 and 3-16, these valves exhibited a wide range of valve
factors across all three tests, with points of “Initial Wedging” and “Just After Cracking” showing
slightly larger ranges than points of “Flow Isolation” and “Flow Initiation.” For all four points,
the average valve factor increases slightly from the baseline to the second test. This increase is
attributable to a few valves with low baseline valve factors that show increases. The average
valve factor in the third test shows values similar to the second test. Overall, the change in valve
factor from baseline to third is small and indicates stable seat friction behavior.

Two valves were disassembled for internal maintenance and reassembled prior to the baseline
test. As shown in Figures 3-17 and 3-18, the two valves exhibit a range of baseline valve factors
and, unlike other disassembled valves, one valve does not show low initial valve factors. This
~ behavior is attributed to DP stroking between disassembly/reassembly and the JOG baseline test.
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Valve (G75.02 had four DP strokes between disassembly and the baseline test. Consistent w1th
the effect of DP stroking between JOG tests on gate valves, DP stroking between
disassembly/reassembly and the baseline test tends to increase valve factors. In the second and
third tests, the valve factors for G75.02 are generally stable. Valve G75.09 had no DP strokes
- between disassembly/reassembly and the baseline test and shows low baseline valve factors that
increase across the three tests. The increases from low baseline valve factors are attributed to the
JOG DP stroking. This observation is consistent with disassembled gate valves with Stellite
seats in cold treated water that are not normally DP stroked.

Valve factors and changes in valve factors were examined for effects of normal valve position.
Both normally open and normally closed valves were analyzed, and no apparent valve factor
trend was observed. The data were also examined for effects of stem orientation. Both
horizontal and vertical stems were analyzed, and no apparent valve factor trend was observed.

Figure 3-19 shows the change in valve factor between subsequent tests versus initial valve factor.
As indicated by the best fit trend line through the data, valves with low initial valve factors tend
to show the largest increases between tests, and valves with high initial valve factors tend to be
stable or decrease. Overall, the valve factor behavior of valves that normally operate in high
temperature water systems but are tested cold is analogous to the behavior for other cold water
gate valves.

A.4 Hot Water and Steam

The JOG MOV PV Program tested one gate valve with Stellite seats in a hot (> 120°F) treated
water system and eleven gate valves with Stellite seats in steam systems. Figure 3-20 shows the
closing and opening valve factors for the hot water valve. Figures 3-21 and 3-22 show the

~closing and opening valve factors for all valves in steam. Figures 3-23 and 3-24 show the
average closing and opening valve factors across the three test series for all valves in steam.
Separate averages are shown for valves disassembled and reassembled prior to the baseline test
and valves that were not disassembled. For some steam valves, data is providéd only in one
stroke direction because of the difficulty in aligning plant systems to obtain data for both stroke
directions. Also, points of flow isolation and flow initiation were not able to be determlned for
several valves, so the amount of data at these points is less.

- As shown on Figure 3-20, the valve factors for the single valve tested in hot water (G79.02) are
stable across the three test series, indicating no apparent degradation. No internal maintenance
was performed on this valve prior to the baseline test. The test temperature for the valve was
between 180-200°F and the valve was DP stroked 0 to 2 times between tests. -

Eight valves in steam had no internal maintenance in the two years prior to the baseline test. As

seen in Figures 3-23 and 3-24, the average valve factors are stable in the closing stroke and show - -

a slight overall decrease in the opening stroke For all points, there is no 1ndlcat10n of
degradation.

Three valves were disassembled for internal maintenance and reassembled prior to the baseline
- test. As shown in Figures 3-23 and 3-24, the average baseline valve factor at all four points for
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disassembled valves is less than or similar to the average baseline valve factor for non-
disassembled valves. This effect is attributed to the disassembly/reassembly of the valve. The
trend of a reduced initial valve factor is analogous to disassembled gate valves with Stellite seats
in cold water, though to a lesser extent. In subsequent tests, the average baseline valve factor
shows an increase in either the second or third test. The final average valve factors for
disassembled valves are similar to or slightly higher than the average valve factors for the non-
disassembled valves. Note that the opening stroke data for valve G60.02 were excluded from the
* averages for disassembled valves in Figure 3-24 as these valve factors were judged to be
implausibly low (see Figure 3-22). The very low opening valve factors could not be correlated
to any particular attribute and are considered outliers.

As shown in Figures 3-21 and 3-22, seven valves (both disassembled and non-disassembled) are
DP stroked 5 or more times between tests. Three valves are stroked 1 to 4 times, and one valve
is typically not DP stroked. Unlike valves in cold water, valves in steam do not show a trend in
valve factor based on the frequency of DP strokes between tests. Valves that are DP stroked 1 to
4 times between tests show a range of valve factors that are consistent with valves that are DP
stroked 5 or more times. The single valve that was not DP stroked prior to the baseline and third
tests shows among the highest valve factors for all steam valves, including in the second test
where the valve was DP stroked 8 times prior to the test. :

Valve factors and changes in valve factors were examined for effects of normal valve position.
Both normally open and normally closed valves were analyzed, and no apparent valve factor
trend was observed. The data were also examined for effects of stem orientation. Both
horizontal and vertical stems were analyzed, with no apparent valve factor trend observed.

Figure 3-25 shows the change in valve factor between subsequent tests versus initial valve factor.
The data does not include the outlier opening data for G60.02. As shown by the best fit trend
line through the data, valves with lower initial valve factors tend to show the largest increases
between tests, and valves with high initial valve factors tend to be stable or decrease. In
particular, valves that were disassembled/reassembled prior to the baseline test show a strong
tendency to increase from low values.

A.5 Grouping of Gate Valves with Self-Mated Stellite Seats for Determining
Thresholds : -

In the analysis of gate valves with Stellite seats as discussed above, valves were grouped based
on fluid type, temperature and the frequency of DP stroking. In general, all groups showed the
same overall valve factor trend: valves with lower initial valve factors tend to increase with DP
stroking to levels consistent with other valves in similar service conditions, while high initial
valve factors tend to be stable or decrease with DP stroking. In particular, valves that were
disassembled/reassembled prior to the baseline test showed a strong tendency to increase from
~ low values with DP stroking to levels consistent with non-disassembled valves in similar service
conditions. '

In some cases, valves grouped by particular fluid types or temperature exhibited similar valve
factor behavior to other groups. Accordingly, it is appropriate to combine some gate valve
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groups together for determining quantitative results for the purposes of a periodic verification
implementation approach. Justification for combining these groups is presented below. For each
group, a threshold is determined, representing the value above which increases are not expected.
Appendix E provides the methods and justification for determining these thresholds.

Cold Treated Water

The majority (78 valves) of gate valves tested with Stelhte seats are in cold (< 120°F)
treated water systems. The data for these valves showed the trend that low initial valve
factors, whether due to disassembly/réassembly or due to infrequent DP stroking, tend to
increase with DP stroking, toward a stable level. The increase is driven by DP stoking, and
valves with a higher number of DP strokes between tests exhibited larger valve factor
increases. Further, the data showed the general trend that valves that DP stroke more often
tend to have a higher level of stable valve factor. This trend is based on the estimated
stroking information provided by the plants with each test package. Because this
information is imprecise and because it is difficult for plants to monitor the extent of DP
stroking of each valve, all of the cold water Stellite results are comblned to determme
thresholds for use in the final PV approach.

Cold Untreated Water

Eleven gate valves tested with Stellite seats are in cold untreated water systems. The data
for these valves showed the trend that low initial valve factors tend to increase with DP
stroking. Fundamentally, these valves behave in a similar manner to valves in treated
water. Accordingly, for the purpose of determining thresholds, it is appropriate to combine
the data for cold untreated water valves with valves in cold treated water. '

Normally in Hot Water and Tested in Cold Water

Sixteen gate valves tested with Stellite seats are in systems that normally operate hot
(>120°F), but were DP tested cold. The data for these valves show the trend that low

initial valve factors, whether due to disassembly/reassembly or due to infrequent DP
stroking, tend to increase with DP stroking. Fundamentally, these valves behave in a
similar manner to valves that normally operate in cold water systems. Accordingly, for the
purpose of determining thresholds, it is appropriate to combine the data for valves in hot
water that are tested cold with valves that normally operate in cold treated water.

Hot Water

One valve was tested with Stellite seats in a hot water system. The data for this valve -
shows higher overall valve factors that are stable between tests. Fundamentally, this valve
behaves in an identical manner to valves in cold water systems that show high initial valve
factors that tend to be stable or decrease. Accordingly, for the purpose of determining
thresholds, it is appropriate to combine the data for valves in hot water with valves in cold
treated water.

Steam

Eleven valves were tested with Stelhte seats in steam. The data for these valves show the
trend that low initial valve factors, whether due to disassembly/reassembly or due to
infrequent DP stroking, tend to increase with DP stroking, although the effect was
observed to be smaller than for water valves. While the fundamental behavior for these
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valves is analogous to water valves, the unique qualities of steam service make it
appropriate to evaluate these valves separately. Therefore, for the purpose of determining
thresholds, steam valves are independently evaluated.

Threshold Coefficients of Friction

Based on the groupings discussed above, the table below provides the threshold values for
gate valves with Stellite seats. Since these values are quantitative results based on the
extensive test data, the valve factors have been converted to apparent disk-to-seat
coefficient of friction (COF) values. The details of determining these values are provided

in Appendix E.
Gate Valves with Threshold COF
Self-mated Stellite Seats '
Water Systems - 0.57
Steam Systems 0.58

B. EVALUATION OF DiISK TO SEAT FRICTION FOR GATE VALVES WITH OTHER
(NON-STELLITE) SEAT MATERIALS

Seventeen gate valves with disk-to-seat materials other than self-mated Stellite were tested as
part of the JOG MOV PV Program. Since disk-to-seat material is judged to be the primary
influence on seat friction behavior, the seventeen valves are grouped for analysis based on this
attribute. Other potential influences on degradation, including fluid medium, fluid temperature,
valve disassembly and DP stroking are addressed within each group. The four groups for
analysis of gate valves with other seat materials are listed below.

Self-mated 400 series stainless steel seats (5 valves)

400 series stainless steel vs. Stellite seats (4 valves)

400 series stainless steel (or Exelloy) vs. Monel seats (7 valves)
Self-mated Deloro 50 seats (1 valve)

B.1 400 Series Stainless Steel Disk and Seat

The JOG MOV PV Program tested five valves with self-mated 400 series stainless steel seat
materials. Figures 3-26 and 3-27 show the closing and opening valve factors across the three test
series. In general, gate valves with self-mated 400 series stainless steel seats show valve factors
of similar magnitude to gate valves with self-mated Stellite seats. Overall, the average valve
factor shows a slight increase between the baseline and second tests, and a slight decrease
between the second and third tests, indicating no apparent degradation.

All five valves are in water systems. Two valves are in treated water systems, and three valves
are in untreated water systems. The normal water temperatures are less than 100°F, and the
temperatures during DP testing are less than 85°F. Based on Figures 3-26 and 3-27, there is no
apparent difference in behavior between valves in treated versus untreated water systems.
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Three valves stroke frequently against DP with 8 — 18 strokes between tests. The other two
valves (G88.01 and G89.03) are typically DP stroked 1 — 8 times between tests. Results indicate
that the valves with a higher frequency of DP strokes exhibit higher overall valve factors that
remain stable from test to test. The two valves with a lower frequency of DP strokes showed the
largest valve factor variations between tests, and are discussed below.

Valve G88.01 shows a significant decrease in valve factor between the second and third tests. -
This decrease was verified by examining overlaid thrust plots for G88.01, which show a thrust
decrease in the third test compared to the baseline and second tests, and by confirming that the
system pressure and DP were similar among all three tests.

Valve G89.03 shows a significant increase in valve factor from the baseline to the second test.
The baseline valve factors for G89.03 are low compared to the other valves. The valve factors
increase at all points in the first stroke of the second test, and remain similar between the second
and third tests. This valve is stroked four times per year in service under conditions where the
system is operating and there is flow in the pipe. However, a review of the test procedure by
plant personnel showed that the system configuration is expected to result in little or no DP
across the valve at the time it is stroked. The JOG DP tests were likely the first tests for this
valve with DP during stroking. Therefore, the low initial valve factors are expected, and the
observed valve factor increase is consistent with other gate valves that exhibit low initial valve
factors, either due to disassembly/reassembly or infrequent DP strokes, that increase w1th DpP
stroking. o

Figure 3-28 shows the change in coefficient of friction (COF) between subsequent tests versus
initial COF. As shown by the best fit line through the data, the trend in the data is the same as
for self-mated Stellite seat valves. For this figure, the valve factors in Figures 3-26 and 3-27
have been converted to COF values. Valves with lower initial COFs tend to show the largest
increase, and valves with higher initial COF's tend to be stable or decrease. '

B.2 400 Series Stainless Steel Disk vs. Stellite Seat

The JOG Program tested four valves with a 400 series stainless steel disk face against a Stellite
seat ring face. Figures 3-29 and 3-30 show the closing and opening valve factors across the three
test series. In general, the valve factors for gate valves with 400 series stainless steel disk and
Stellite seat ring faces exhibit higher overall valve factors than valves with self-mated Stellite or
400 series stainless steel seats. A mixture of minor increases and decreases are observed.
Overall, the average valve factor is stable across all tests, indicating no apparent degradation.

All four valves are in treated water systems. Three valves are in systems with water
temperatures less than 125°F, and are tested at temperatures up to 90°F. The three valves tested
in cold water show similar performance. G92.02 shows increases on the opening strokes from
baseline to second tests. As discussed below, it appears disassembly of this valve contributed to
this result. G91.05 also shows increases from baseline to second tests on the opening strokes,
followed by similar decreases from the second to third tests. The closing strokes show increases
- at initial wedging, but decreases at flow isolation. One valve (G91.06) is in a system in which
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the water temperature ranges up to 370°F, but DP tests were conducted at temperatures of 95°F,
225°F and 190°F on the baseline, second and third tests, respectively. This valve shows stable
valve factors across the three tests.

Two valves are not typically DP stroked between tests, one valve (G92.02) is DP stroked 0 — 4
~ times between tests and one valve (G92.01) is frequently stroked (24 - 60 DP strokes between
tests). Results indicate that valves with a higher number of DP strokes show higher overall valve
factors that remain stable between tests. Valves with fewer DP strokes show lower initial valve
factors, but larger changes between tests. In general, it appears that DP stroking tends to
increase valve factors for low stroking valves or valves with low initial valve factors.

Three valves (G91.06, G92.01 and G92.02) were disassembled and reassembled prior to the
baseline test. As discussed in Topic A.1-Cold Treated Water, gate valves with self-mated
Stellite seats that were disassembled/reassembled prior to testing exhibit lower initial valve
factors that increase to more typical values on subsequent DP stroking. G92.01 had 60 DP
strokes performed between the disassembly/reassembly and the baseline test. Similar to other
high DP stroking gate valves, this valve shows relatively stable valve factors across the three
tests. Given the high number of DP strokes, this result is expected and the effects of disassembly
are not apparent. Valves G91.06 and G92.02 were not stroked under DP between disassembly
and the baseline test. As described previously, valve G91.06 was tested under cold water
conditions in the baseline test and hot water conditions on the second and third tests, and shows
stable valve factors across the three tests. Similar to self-mated Stellite valves that are
disassembled, the valve factors for G92.02 show low initial values in the baseline test.
Following the four DP strokes between the baseline and second tests, the Valve factors show
more typical values in the second test.

Figure 3-31 shows the chahge in COF between subsequent tests versus initial COF for all the
data from Figures 3-29 and 3-30, converted from valve factors to COFs. As shown by the best
fit line through the data, the trend in the data is the same as for self-mated Stellite seat valves.
Valves with lower initial COFs tend to show the largest increase, and valves with hlgher initial
COFs tend to be stable or decrease.

B.3 400 Series Stainless Steel (or Exelloy) Disk vs. Monel Seat

- The JOG MOV PV Program tested four valves with a 400 series stainless steel disk against a
Monel seat face and three valves with an Exelloy disk against a Monel seat face. Figures 3-32
and 3-33 show the closing and opening valve factors across the three test series. In general, the
valve factors for gate valves with 400 series stainless steel (or Exelloy) disk and Monel seat ring
faces exhibit higher overall valve factors than valves with self-mated Stellite or 400 series - -
stainless steel seats. Overall, the average valve factor is stable across all tests, indicating no
apparent degradation. '

All seven valves are in treated water systems. Four valves are in systems with temperatures less

~ than 95°F, and are tested at 80°F or less. Three valves are in systems with water temperatures up
to 455°F, and are tested at temperatures >120°F (except two of these valves had one test each
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with temperatures <120°F). There appears to be no difference in valve factor performance based
on fluid temperature.

Four valves are not typically DP stroked between tests, and three valves (G99.01, G99.02 and
(G99.04) are frequently stoked (2 - 24 DP strokes between tests). Results indicate that valves
with a high number of DP strokes between tests showed higher overall valve factors than the
valves that were not DP stroked.

One valve (G99.05) was disassembled and reassembled prior to the baseline test. Similar to self-
mated Stellite valves that are disassembled, the valve factors for G99.05 exhibit low initial
values in the baseline test that increase on subsequent DP stroking. This valve was not DP
stroked between reassembly and the baseline test or in between JOG tests. In the second test, the
valve factors increase to values similar to non- dlsassembled valves.

In general, valves with 400 series stainless steel (or Exelloy) disk and Monel seat ring faces
show more variation in valve factor from test to test compared to other seat materials. Valves
that show valve factor increases from the baseline to second tests tend to show similar decreases
between the second and third tests, and vice versa. The overall change across all three tests,
however, is small, indicating no degradation trend

Figure 3-34 shows the change in COF between subsequent tests versus initial COF, for the data
from Figures 3-32 and 3-33, converted from valve factors to COFs. As shown by the best fit line
through the data, the trend in the data is the same as for self-mated Stellite seat valves. Valves
with lower initial COF's tend to show the largest increase, and valves w1th higher initial COFs
tend to be stable or decrease.

'B.4 Deloro 50 Disk and Seat

The JOG program tested one valve (G98.01) with self-mated Deloro 50 disk and seat ring face
materials. This valve operates in cold, treated water and is DP stroked 12 — 14 times between
tests. Due to test limitations, only closing results are available for this valve. Figure 3-35 shows
the closing valve factors across the three test series. Test results for G98.01 show a stable valve
factor between the baseline and second tests, and a decrease in the third test. There is no
apparent degradatlon observed for this valve.

B.5 Thresholds for Gate Valves with Other (Non-Stellite) Seat Materials

Similar to valves with self-mated Stellite seats (Topic A.5-Grouping of Gate Valves with Self-
Mated Stellite Seats for Determining Thresholds), a threshold value is determined for each gate
valve group with non-Stellite seats. These thresholds provide values above which increases are
not expected. Appendix E provides the methods and justification for determining the thresholds.

Threshold values for self-mated 400 series stainless steel, 400 series stainless steel vs. Stellite
and 400 series stainless steel (or Exelloy) vs. Monel seat materials are determined directly from
the test data and are summarized in the table below. Since these values are quantitative results
based on the extensive test data, the valve factors have been converted to apparent disk-to-seat
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coefficient of friction (COF) values. The details of detérmining these values are provided in -
Appendix E. '

For self-mated Deloro 50 seat materials, only one valve was tested. Since Deloro 50 has similar

~ friction properties to self-mated Stellite in cold water, data from self-mated Stellite seat materials

~ was used to justify an appropriate threshold value for Deloro 50. ‘The justification for this
approach is described in Appendix E. -

Gate Valves with non-Stellite Seats Threshold COF
Self-mated 400 Series Stainless Steel o 0.69
400 Series Stainless Steel vs. Stellite _ 0.70
400 Series Stainless Steel (or Exelloy) vs. Monel | 071
Use value for self-
Self-mated Deloro 50 | . mated Stellite in
: ‘ water systems

C. EVALUATION oOF Disk-TOo-GUIDE FRICTION

Although the required DP thrust for the majority of gate valves is controlled by disk-to-seat
friction, in some cases disk-to-guide friction can control the required thrust. In these cases, the
guide-controlled valve factors can be evaluated for degradation. The amount of guide data in the
JOG MOV PV Program, however, is limited. Only 38 valves exhibited guide controlled valve
factors in at least one test across the three test series'?.

Guide-controlled required thrust is more commonly revealed during a dynamic opening stroke,-
- although a few dynamic closing strokes do provide meaningful data. For valves that exhibit
guide-controlled required thrust in the closing stroke, the valve factor at the point of maximum
thrust is used to evaluate degradation. For valves that exhibit guide controlled required thrust in
the opening stroke, the valve factor at the point of maximum thrust (after cracklng) is used to
evaluate degradation.

In the analysis below, valve factor trend-line plots are used to evaluate changes in guide valve
factors between tests. For the majority of the 38 valves with guide data, only one or two JOG

* tests provided useful guide valve factors. With such limited valve factor data, additional
information related to the guide behavior during DP testing was needed. Accordingly, where
guide valve factors were determined for at least one test of a valve, the measured stem thrust
overlays and pressure traces from all three JOG tests were reviewed to determine the qualitative
changes in performance between tests. As shown in the accompanying plots, tests with
undetermined guide valve factors are identified as having either a stable, increasing or decreasing
valve factor trend between tests, based on the qualitative review of the data.

. ? Double disk and split wedge valve designs typically do not have disk or body guide rails. Therefore, valve factors
for these valve types are not included in the guide friction evaluation.
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Since disk-to-guide material is judged to be the primary influence on guide friction behavior, the
38 valves are grouped for analysis based on this attribute. Other potential influences on '
degradation, including fluid medium and temperature, valve dlsassembly and DP stroking are
addressed within each group.

Carbon Steel disk guide vs. Carbon Steel body guide (74 valves)

Carbon Steel disk guide vs. 17-4PH Stainless Steel body guide (1 valve)

Stellite disk guide vs. Carbon Steel body guide (4 valves)

Stellite disk guide vs. 17-4PH Stainless Steel body guide (4 valves) -

Stellite disk guide vs. 300 series Stainless Steel body guide (2 valves)

Stellite disk guide vs. Stellite body guide (1 valve)

300 series Stainless Steel disk guide vs. 300 series Stainless Steel body guide

(7 valves)

e 300 series Stainless Steel dlSk guide vs. 17-4 PH Stainless Steel body gulde
(3 valves)

e 300 series Stainless Steel disk gulde Vs. Carbon Steel body gulde 2 valves)

C.1 Carbon Steel Disk vs. Carbon Steel Body Guide

The JOG MOV PV Program tested 51 gate valves with self-mated carbon steel guides, 14 of
which provided guide valve factors for at least one JOG test. Figures 3-36 and 3-37 show the
closing and opening guide valve factors across the three test series. In general, gate valves with
carbon steel guides show a mixture of small increases and decreases in valve factor between
tests. The overall change across all three tests, however, is stable, indicating no degradation
trend, with the exception of G10.01 discussed below. :

Eleven valves are in treated water systems and two valves are in untreated water systems. Based
on Figures 3-36 and 3-37, valves in untreated water systems show more variation in guide valve
factor between tests than valves in treated water systems. Overall, there is no apparent
difference in behavior between valves in treated versus untreated water systems

One valve, G10.01, is in an untreated water system and shows the highest guide valve factors of
all carbon steel guided valves. Additionally, the valve factor increases principally between the
first and second strokes of the second test. The seat friction valve factors for G10.01, in contrast,
are similar to other gate valves. Several evaluations were performed to examine factors that
could explain the high guide valve factors. The high guide valve factors could not be correlated
to any specific attribute. Based on these evaluations and considering the stable behavior of the
other nine valves with carbon steel guides in untreated water, the valve factors for G10.01 appear
to be outliers. It is hypothesized by the plant that the high closing guide valve factors are
attributed to guide damage or trapped particulates.

Twelve valves are in water temperatures less than 118°F and are tested at temperatures up to
127°F. These cold water valves show mostly stable valve factors, with the untreated water
valves showing greater variation as discussed above. One valve (G91.06) is in a system in which
~ the water temperature ranges up to 370°F, but DP tests were conducted at temperatures of 95°F,
225°F and 190°F, respectively. The data show a small valve factor increase between the second
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and third tests. Thrust overlays show the guide performance in the baseline test is stable )
compared to the second test. Overall, the behavior is consistent with valves tested in cold water. -
~ One valve (G36.01) is in steam and shows only one point of guide valve factor in the third test.
Comparison of the thrust overlays shows stable behavior from the second to third tests. In the

~ third test, the valve shows the highest guide valve factor (>0.6) of all valves with self-mated -
carbon steel guides (excluding the outlier). It appears the performance of this material in steam, .
although stable, contributes to high friction. It is plausible that some surface damage or galling
has occurred. Due to the limited valve factor data for steam, test data for two other valves in
steam (G41.02 and G41.06) with carbon steel guides were reviewed qualitatively. Although no
guide valve factors were determined for these valves (i.e., required thrust was controlled by
disk-to-seat friction), the overlaid thrust traces were examined to determine apparent guide
behavior. Both valves showed stable guide behavior across all tests.

Seven valves (G15.01, G22.08, G22.09, G22.10, G27.18, G91.06 and G99.07) are not typically
DP stroked between tests. Five valves are stroked infrequently with 1 — 8 DP strokes between
tests, and two valves (G22.12 and G22.14) are stroked significantly (83 — 168 DP strokes)
‘between tests. Valves G22.12 and G22.14 were disassembled prior to the baseline test and show
lower initial guide valve factors as discussed below. For both valves, in the second test, the
valve factors increase to mid-range values and are stable between the second and third tests,
‘based on a qualitative review of the test data. Based on Figures 3-36 and 3-37 there is no
definitive difference in guide friction behavior based on DP stroking.

Five valves were disassembled and reassembled prior to the baseline test. Based on Figures 3-36
and 3-37, and in examining overlaid thrust traces for the valves, disassembled/reassembled
valves tend to show lower baseline valve factors, or lower required thrust during disk-to-guide
sliding that increase in subsequent tests. However, the increases are typically small compared to
seat friction valve factors for disassembled valves. The driver of the valve factor increase
appears to be DP stroking.

C.2 Carbon Steel Disk vs. 17-4PH Stainless Steel Body Guide

The JOG MOV PV Program tested one gate valve with carbon steel vs. 17-4PH stainless steel
guides (G20.01). This valve operates in cold, untreated water and is DP stroked 4 times between
tests. This valve was disassembled/reassembled immediately prior to the baseline test. Figure 3-
37 shows one point of guide valve factor across the three test series. A qualitative review of the

- thrust overlays during the disk-to-guide sliding shows stable thrust and valve factor behavior
across the three test series. The overall guide valve factors are low and are bounded by the
results for carbon steel guides. There are no other gate valves in the JOG Program with a carbon
steel disk guide mated against a 17-4PH stainless steel body guide.
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C.3 Stellite Disk vs. Carbon Steel Body Guide

The JOG MOV PV Program tested nine gate valves with Stellite vs. carbon steel guides, four of -
which provided guide valve factors for at least one JOG test. Figure 3-38 shows the opening
guide valve factors across the three test series. In general, these valves show stable valve factors
across the three test series, indicating no degradation trend.

All four valves are in treated water systems with temperatures less than 110°F, and are tested at
temperatures less than 92°F. Two valves (G32.03 and G69.13) are not typically DP stroked
between tests and two valves (G69.14 and G75.10) are DP stroked twice between tests. There is
no apparent difference in guide friction behavior based on DP stroking. ‘ o

Valve G69.13 was disassembled and reassembled prior to the baseline test. Based on Figure
3-38 and a qualitative review of the test data, the valve shows lower baseline guide valve factors
that increase in the second test and decrease on the third test. The overall guide valve factor
behavior for this valve is similar to the non-disassembled valves. '

C.4 Stellite Disk vs. 17-4PH Stainless Steel Body Guide

The JOG MOV PV Program tested thirteen gate valves with Stellite vs. 17-4PH stainless steel
guides, four of which provide guide valve factors for at least one JOG test. Figure 3-39 shows
the opening guide valve factors across the three test series. In general, gate valves with Stellite
vs. 17-4PH stainless steel guides show stable valve factors between tests, 1nd1cat1ng no
degradation trend.

All four valves are in treated water systems. Two valves are in systems with temperatures less
than 130°F and tested in temperatures less than 120°F. Two valves (G69.01 and G75.02) are in
systems with water temperatures up to 350°F, but are tested in temperatures less than 100°F.
Based on Figure 3-39, the valve factors for these normally hot water valves are significantly
higher than the two cold water valves. However, this behavior is not conclusive due to the
limited amount of data.

Three valves are not typically DP stroked between tests. One valve (G75.02) is DP stroked 0 —- 4
times between tests. Based on Figure 3-39, the valve factors for valve G75.02 are higher than for
the three valves that were not DP stroked between tests.

Two valves were disassembled and reassembled prior to the baseline test. ‘Based on Figure 3-39,
one valve (G69.03) shows low baseline valve factors that increase slightly in the second and
third tests. The other valve (G75.02) shows higher overall valve factors that are stable between
tests. Between disassembly and the baseline test, G69.03 had no DP strokes whereas G75.02 had
four DP strokes. Overall, the guide valve factor behavior for these valves is 51m11ar to non-
disassembled valves. :
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C.5 Stellite Disk vs. 300 Series Stainless Steel Body Guide

The JOG MOV PV Program tested six gate valves with Stellite vs. 300 series stainless steel
guides, two of which provide guide valve factors for at least one JOG test. Figure 3-39 shows
the opening guide valve factors across the three test series. Valve G69.10 shows stable valve

- factors across the three test series. Valve G69.11 shows an increasing valve factor trend across
the three test series, although all valve factors are expected to be bounded by the valve factors for
G69.10. ' ' '

Both valves are in treated water systems with water temperatures up to 170°F, but are tested at

temperatures up to 83°F. Valve G69.11 is not typically DP stroked and shows lower valve

factors compared to valve G69.10 that is DP stroked 2 — 3 times between tests. The lower valve

factors for G69.11 are attributed to the low DP stroking frequency, and the increasing valve

factor is attributed to DP strokes performed for JOG testing. This behavior is consistent with the
- seat friction behavior of gate valves that are infrequently stroked against DP.

C.6 Stellite Disk vs. Stellite Body Guide

The JOG MOV PV Program tested one gate valve with self-mated Stellite guides. Located in a
treated water system with temperatures up to 105°F and tested in temperatures of 80 — 83°F,
valve G69.05 is DP stroked 0 - 4 times between tests. Figure 3-40 shows stable guide valve
factors between the baseline and second tests. Examination of thrust overlays shows the guide
behavior is stable in the third test as well. .As this valve was not disassembled, a stable valve
factor is expected based on the extensive self-mated Stellite seat friction results. However,
valves with self-mated Stellite guides that are disassembled would be likely to have reduced
valve factors and subsequent increases, similar to disk-to-seat friction results.

- C.7 300 Series Stainless Steel Disk vs. 300 Series Stainless Steel Body Guide

The JOG MOV PV Program tested fifteen gate valves with self-mated 300 series stainless steel
guides, seven of which provided guide valve factors for at least one JOG test. Figure 3-41 shows
the opening guide valve factors across the three test series. In general, gate valves with 300
series stainless steel guides show stable guide valve factors between tests, with the exception of
valves disassembled prior to the baseline test as discussed below. '

All seven valves are in treated water systems with temperatures less than 105°F and tested at
temperatures of 94°F or less. Three valves (G44.05, G44.06 and G44.08) are not typically DP
stroked between tests, two valves (G44.03 and G44.14) are stroked infrequently with 0 — 2 DP
strokes, and two valves (G44.02 and G49.01) are stroked more frequently with 1 - 11 DP strokes
between tests. In general, there is no apparent difference in guide friction behavior based on DP
stroking.

Four valves were disassembled and reassembled prior to the baseline test. Based on Figure 3-41

and in examining overlaid thrust traces for the valves, disassembled/reassembled valves tend to
show lower baseline valve factors, or lower required thrust during disk-to-guide sliding that
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increase in subsequent tests. However, these increases are small compared to seat friction valve
factors for disassembled valves. The driver of this increase appears to be DP stroking.

C.8 300 Series Stainless Steel Disk vs. 17-4PH Stainless Steel Body Guide

The JOG MOV PV Program tested four gate valves with 300 series stainless steel disk vs.
17-4PH stainless steel guides, three of which showed guide valve factors for at least one JOG
test. Figure 3-41 shows the opening guide valve factors across the three test series. Based on the
observed valve factors and examination of the thrust overlays, gate valves with 300 series
stainless steel vs. 17-4PH stainless steel guides show a stable valve factor trend between test
strokes, excluding the disassembled valves as discussed below.

All three valves are located in treated water systems with temperatures:less than 120°F, and
tested at temperatures at 85°F or less. Two valves (G83.03 and G85.01) are not typically DP
stroked between tests, while one valve (G83.02) is stroked against DP once between tests.

‘Valves G83.03 and G85.01 were both disassembled and reassembled prior to the baseline test.
Based on Figure 3-41 and in examining overlaid thrust traces for the valves,
disassembled/reassembled valves tend to show lower baseline valve factors, or lower required
thrust during disk-to-guide sliding, that increase in subsequent tests. However, these increases
are small compared to seat friction valve factors for disassembled valves. The drlver of this
increase appears to be DP stroklng

C.9 300 Series Stainless Steel Disk vs. Carbon Steel Body Guide

The JOG MOV PV Program tested four gate valves with 300 series stainless steel disk vs. carbon
_steel body guides, two of which provided guide valve factors for at least one JOG test. Figure
3-42 shows the opening guide valve factors across the three test series.

Both valves (G99.03 and G99.04) are in systems with water temperature up to 455°F, and are
generally tested at temperatures above 120°F (G99.04 had one test performed at 80°F). Valve
G99.03 is not typically DP stroked, and G99.04 was stroked against DP 2 — 3 times between
tests. Both valves show higher overall valve factors compared to other guide material
combinations. As addressed in the Topical Report (Reference 3), both carbon steel and 300
series stainless steel are susceptible to galling at elevated temperatures. Evaluation of overlaid
thrust traces along with the guide valve factors show (G99.04 has stable guide behavior between
baseline and second tests and a decrease in valve factor in the third test. Valve G99.03 shows a
slight increase in guide behavior between the baseline and second tests, but stable performance
in the third test. '

Due to limited data for cold water, test data for one other valve (G88.03) with 300 series
stainless steel disk vs. carbon steel body guides tested in cold (~67°F) untreated water were
qualitatively reviewed. Although no guide valve factors were determined for this valve (i.e.,
required thrust controlled by disk-to-seat friction), the overlaid thrust traces were examined to
determine apparent guide behavior. This valve showed stable guide behavior across all tests.
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D. HARD SEATING OF ANCHOR/DARLING DOUBLE Disk GATE VALVES

Anchor/Darling" double disk gate valves have a unique design that affects the required thrust at
hard seating. As shown in Figure 3-43, the disk assembly is comprised of two parallel disks
mounted on a disk carrier. The disk carrier includes an internal wedging mechanism (consisting
of an upper wedge and a lower wedge) that spreads the disks to mate against the parallel seat ring
faces at the end of a closing stroke. As an Anchor/Darling double disk gate valve closes against
DP, the downstream disk half is pressed against the downstream seat ring by the DP force, such
that the required stem thrust is controlled by disk-to-seat friction. At the end of a DP closing
stroke, additional thrust is required to spread the two disk halves apart and hard seat them against
the seat rings. This additional thrust is attributable to friction at loaded surfaces in the internal
wedge that slide against each other during the spreading process. The amount of additional
thrust required to hard-seat the valve is affected by the installation orientation of the valve. The
thrust increase is less for lower wedge downstream (LWD) and is greater for lower wedge '
upstream (LWU)."

Not all applications require disk hard seating in the closing direction. If hard seating is a
requirement, then the actuator needs to supply the needed additional thrust. If hard seating is not

a requirement, then the actuator is not required to supply the extra thrust and the information in
this section does not apply.

Because this additional thrust is due to sliding friction at metal interfaces, there is a concern with
potential degradation, similar to disk-to-seat friction or guide friction. Accordingly, it is
appropriate to analyze the data from A/D double disk gate valves to determine if degradation
related to the hard seating mechanism is occurring.

The JOG MOV PV Program tested 19 Anchor/Darling double disk gate valves. Table 3-3
summarizes these valves and the conditions under which they were tested. Note that the results
from DP testing of these valves have been included appropriately in other sections of this report
analyzing disk-to-seat friction, and are grouped here for the purpose of evaluating potential
degradation of the internal wedge mechanism (hard seating). As indicated on Table 3-3, one
valve (G60.01) was controlled by a limit switch and does not hard seat. Data from this one valve
is not considered in this section. ‘

- When data from Anchor/Darling double disk gate valves are analyzed, the thrust signature for
DP closing strokes shows distinct features that reveal the action of the internal wedging’
mechanism (see Figure 3-44). Prior to the action of the internal wedge, the thrust is relatively
stable and is attributable to disk-to-seat friction. As the internal wedge starts to expand (Point
IW1), the thrust increases. When the wedge fully expands, the two disk halves hard seat against
the seat rings (Point IW2). In some cases, valves showed only an IW1 point. This behavior is
possible when certain internal dimensions are achieved by tolerance stack up that minimize or
eliminate relative sliding in the internal wedge. The data for these valves did not provide useful
information on potential degradation of the internal wedge.

1 Anchor/Darling Valve Co. is now owned by Flowserve Corp. _
' LWD is the vendor’s recommended installation, but both configurations occur in service.
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Figure 3-45 (top graph) shows measured valve factors at IW1 for 18 Anchor/Darling double disk
gate valves. These valve factors reflect disk-to-seat sliding. The bottom of Figure 3-45 shows
measured valve factors at IW2 for 13 valves. These values reflect internal wedge sliding in _
addition to disk-to-seat sliding. As expected, the IW2 values are greater than the IW1 values for
each valve, reflecting the additional internal wedge friction. Five valves do not have IW2 values
(in four instances the wedge did not need to slide for the valve to hard seat and in one instance

the valve tripped immediately following IW1).

On Figure 3-45, some valves showed changes in disk-to-seat friction (upper graph) during JOG
MOV PV Program tests. For example, valves that were disassembled prior to their baseline tests
showed lower baseline valve factors that increased in subsequent tests. Other valves typically
had stable valve factors. Changes in valve factor were also observed at IW2 for some valves.
The key concern is whether changes in VF observed at hard seating (lower graph) reflect
degradation beyond that expected by the observations in disk-to-seat friction (upper graph). To
address this question, the data were screened to identify all valves with results at both disk-to-
seat friction (IW1) and hard seating (IW2) during two separate, consecutive test sequences (e.g.,

baseline-to-second test or second-to-third test). There were 19 instances of these data, occurring

on 12 different valves. On 14 of the 19 cases, the change in valve factor at IW2 moved in the
same direction as that at IW1. This result is expected, as a change in disk-to-seat friction, by
itself, tends to affect the thrust at both points. On 10 of the 14 cases, both.the IW1 and IW2
valve factors increased. On the remaining four, both decreased. These four were dismissed from
further consideration as they do not show degradation in DP thrust. On five of the 19 cases, the
change in valve factor at IW2 moved in the opposite direction to that at IW1. For two of the

five, the valve factor at IW2 increased when the valve factor at IW1 decreased. On the
remaining three, the valve factor at IW2 decreased while the valve factor at IW1 increased.

These latter three were dismissed from con51derat10n as they do not show degradation at the hard
seating point.

For the 12 cases of interest (10 where both IW1 and IW2 increased and 2 where IW2 increased
when IW1 decreased), the changes in valve factors at both IW1 and IW2 are plotted on Figure 3-
46 (first two bars for each valve test). For the ten cases where both increased, the EPRI model
for Anchor/Darling double disk gate valves was used to predict the amount of expected increase
in the valve factor at IW2, based on the observed increase at IW1. The prediction is shown as a
third bar next to the IW2 bar. The prediction considers the valve orientation where it is known;
predictions for both orientations are shown where orientation is unknown. The results show that
the observed change at IW2 tends to be less than or similar to the predicted amount, thus
indicating that there does not appear to be degradation at the internal wedge. For two cases
where the observed change exceeds the predicted amount (G54.04 and G60.03), the valve factor
changes and the amount of excess are very small and judged to be within the measurement
accuracy.

. The two valves that show an increase at IW2 but a decrease at IW1 are also shown on Figure
3-46 (G54.03 S-T and G60.05 S-T). Both of these valves have small valve factor changes and
the observed results do not indicate significant degradation. To confirm that these changes are of
no concern, the changes from baseline to third (B-T) test on both valves were evaluated In both

~ cases the predicted change at IW2 bounds the observed change.
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In summary, the JOG MOV PV Program test results from Anchor/Darling double disk gate
valves indicate that the internal wedging mechanism that engages to hard-seat the valve is not
degrading. Changes in disk-to-seat friction control the changes in valve factor at stroke points
- before and during hard seating. Hence, it is not necessary to consider the hard seating
characteristic of Anchor/Darling double disk gate valves in the final PV approach for gate
valves.

E. HARD SEATING OF ALOYCO SPLIT WEDGE GATE VALVES

Aloyco'” split wedge gate valves have a unique design that affects the required thrust at hard
seating. As shown in Figure 3-47, the disk assembly is comprised of two disk halves that are
joined with a ball and socket joint at the hub. This joint permits the two disk halves to
independently move, so that each can seat tightly against its mating seat ring when the valve is
closed. As an Aloyco split wedge gate valve closes against DP, the downstream disk half is
pressed against the downstream seat ring by the DP force, such that the required stem thrustis
controlled by disk-to-seat friction. At the end of the stroke, additional thrust may be required to
“conform” the two disk halves into the positions for them to hard seat against the seat rings.

This additional thrust is attributable to friction at loaded surfaces in the ball and socket joint that -
slide against each other during the “conforming” process. The amount of additional thrust
requlred to hard-seat the valve is affected by the installation orientation of the valve. The thrust

' 1ncrease116s less for male disk upstream (MDU) and is greater for male disk downstream

(MDD). :

Not all applications require disk hard seating in the closihg direction. If hard seating isa”

requirement, then the actuator needs to supply the needed additional thrust. If hard seating is not o

a requirement, then the actuator does not need to supply the additional thrust, and the
information in this section does not apply.

Because the additional thrust to hard seat the disk is due to sliding friction at metal interfaces,
there is a concern with potential degradation, similar to disk-to-seat friction or guide friction.
Accordingly, it is appropriate to analyze the data from Aloyco split wedge gate valves to
determine if degradation related to the hard seating mechanism is occurring. The JOG MOV PV
Program tested 8 Aloyco split wedge gate valves. Table 3-4 summarizes these valves and the

- conditions under which they were tested. Note that the results from tests of these valves have
been included appropriately in other sections of this report analyzing disk-to-seat friction, and
are grouped here for the purpose of evaluating the potential degradation of the hard seating
mechanism. :

When data from Aloyco split wedge gate valves are analyzed, the thrust signature for DP closing
strokes shows features that reveal if the internal joint is affecting hard seating (Figure 3-48).
Prior to motion in the joint, the thrust is relatively stable and is attributable to disk-to-seat
friction. As the disks start to conform to the seat rings through motion in the joint (Point IW1),

. I The Aloyco valve line is now owned by Crane Valve Co.
' The vendor does not have a recommended installation orientation, and both configurations occur in service.
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the thrust increases. Then, when the disk is fully conformed, the two disk h_alves hard seat
against the seat rings (Point IW2).

Some Aloyco split wedge gate valves showed distinct IW1 and IW2 points and some valves
showed only an IW1 point. This latter behavior is possible when certain internal dimensions are
achieved by tolerance stackup that minimize or eliminate sliding in the joint. The data for valves
with only an IW1 point did not provide useful information on potential degradation of the joint.

Figure 3-49 (top graph) shows measured valve factors at IW1 for the eight Aloyco split wedge
gate valves. These valve factors reflect disk-to-seat sliding. The bottom of Figure 3-49 shows
measured valve factors at IW2 for three valves. These values reflect internal joint sliding in
addition to disk-to-seat sliding. As expected, the IW2 values are greater than the IW1 values for
each valve, reflecting the additional internal joint friction. Five valves do not have IW2 values
(in three instances the joint did not need to slide for the valve to hard seat and in two instances
the valve tripped immediately following IW1). '

On Figure 3-49, some valves showed changes in disk-to-seat friction (upper graph) during JOG
MOV PV Program tests. Changes in valve factor were also observed at IW2 for some valves.
The key concern is whether changes in valve factor observed at hard seating (lower graph)
reflect degradation beyond that expected by the observations in disk-to-seat friction (upper
graph). To address this question, the data were screened to identify all valves with results at both:
disk-to-seat friction (IW1) and hard seating (IW2) during two separate, consecutive test
sequences (€.g., baseline-to-second test or second-to-third test). There were five instances of
these data, occurring on three different valves. On one of the five cases, the valve factor at IW1
remained constant and the valve factor at IW2 decreased slightly. This case was dismissed from-
further consideration, as it does not show degradation in DP thrust. In the remaining four cases,
the change in valve factor at IW2 moved in the same direction as that at IW1. This result is
expected, as a change in disk-to-seat friction, by itself, tends to affect the thrust at both points.
On two of the four cases, the IW1 and IW2 valve factors both increased. On the remaining two,
both decreased. These latter two were dismissed from further consideration as they do not show
degradation in DP thrust.

For the two cases of interest (where IW1 and IW2 both increased), the changes in valve factor at
both IW1 and IW2 are plotted on Figure 3-50 (first two bars for each valve test). For both cases,
the EPRI model for Aloyco split wedge gate valves was used to predict the amount of expected
increase in the valve factor at IW2, based on the observed increase at IW1. The prediction is
shown as a third bar next to the IW2 bar. The prediction considers the valve orientation where it
is known; predictions for both orientations are shown where orientation is unknown. The results
show that the observed change at IW2 is less than the predicted amount, thus indicating that
there is no degradation at the internal joint. :

In summary, the JOG MOV PV Program test results from Aloyco split wedge gate valves
indicate that the internal ball-and-socket joint that engages to hard-seat the valve is not
degrading. Changes in disk-to-seat friction control the changes in valve factor at stroke points
before and during hard seating. Hence, it is not necessary to consider the hard seating
characteristic of Aloyco split wedge gate valves in the final PV approach for gate valves.
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F. EFFECTS OF VALVE DISASSEMBLY AND REASSEMBLY

The JOG MOV PV Program Test Specification (Reference 9) defines valve disassembly as the
disassembly of the bonnet-to-body joint for gate and globe valves. Internal valve maintenance,
including valve disassembly, was not permitted between the baseline and third tests. However,
there were no restrictions on valve disassembly and internal maintenance prior to the baseline
test. Of the 134 gate valves tested in the JOG Program, 40 were disassembled for internal
maintenance and reassembled within the 2-year period prior to the baseline JOG test. Typical
internal maintenance activities included:

disk or stem replacement

disk inspection

lapping of seats

grinding/smoothing of disk wedge or body rails : :
valve modifications such as 1nstallat10n of a pressure relief port in the bonnet

The 40 disassembled gate valves have been analyzed for disk-to-seat friction and disk-to-guide
friction previously in this section. Based on the evaluation of these test results, it is apparent
that:

e valve disassembly/reassembly tends to reduce valve factors .
e subsequent DP stroking tends to increase valve factors to values consistent w1th non-
disassembled valves :

The following analysis evaluates all 40 disassembled valves; and provides the basis for
conclusions regarding valve disassembly/reassembly.

F.1 Low Baseline Test Valve Factors

Gate valves that were disassembled prior to the baseline test tend to show lower required thrust
and lower baseline test valve factors than non-disassembled valves. Figure 3-51 compares the
average baseline test valve factors for disassembled valves and non-disassembled valves for all

- gate valves with self-mated Stellite seats. As the figure shows, the average baseline valve factor
at all points of interest was 16-33% lower for disassembled valves than non-disassembled valves.

This trend is more apparent when considering the effect of DP strokes performed between valve
disassembly/reassembly and the baseline JOG test. Table 3-5 summarizes the dates of valve
disassembly, the baseline test dates, and the number of DP strokes performed between these
events for the 40 disassembled valves. Twenty-nine valves had no DP strokes between valve
reassembly and the baseline JOG test, eight valves were DP stroked 1 to 4 times, and three
valves were DP stroked 6-60 times between reassembly and testing. Figure 3-52 shows the
average baseline valve factors as a function of DP stroking between disassembly/reassembly and
testing for the 36 disassembled valves with self-mated Stellite seats. As shown in the figure,
valves with no DP stroking exhibited lower average baseline valve factors compared to valves -
which were DP stroked between reassembly and JOG testing. ‘
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F.2 Increase from Low Baseline Valve Factor with DP Stroking

Disassembled valves with low initial valve factors tend to increase with DP stroking up to a
stable level. The increase in valve factor due to DP stroking is considered service-related
'degradation, and it is evident when data from baseline, second, and third JOG tests are
compared. Figure 3-53 summarizes the average valve factors in each test for dlsassembled
Valves with self-mated Stellite seats.

As the figure shows, the average valve factor for disassembled valves increases from the baseline
test to the third test. The figure also shows the increase in average valve factor is greater
between the baseline and second tests, compared to the change between the second and third
tests. The data suggest that a low initial valve factor is most sensitive to service-related
degradation immediately after dlsassembly/reassembly, and becomes less sensitive in subsequent
tests as DP strokes are accumulated.

The effect of valve disassembly on required thrust and valve factor, and the subsequent increase
with stroking, is also apparent in the thrust traces for disassembled valves. Figure 3-54 shows
the overlaid DP thrust traces for the three JOG tests of gate valve G44.10. This valve was
disassembled/reassembled just prior to the baseline test. The thrust at seating (closing) and
unseating (opening) during the baseline test is significantly lower compared to the subsequent
tests. Following three DP strokes performed between the baseline and second tests, the second
test shows a much higher required thrust. The thrust increases again in the third test (after
performing 1 DP stroke between the second and third tests), although by a lesser amount.

The effects of DP stroking on valve factors are discussed in further detail in Topic G-Effects of
DP Stroking.

F.3 Influence of Seat Materials

For valves with self-mated Stellite seats, the effect of valve disassembly is evident. As shownin . -
Flgures 3-51 to 3-54, valve disassembly reduces the friction coefficient for Stellite disk and seat
ring surfaces, and this low friction tends to increase with DP stroking.

Data for disassembled valves with other disk-to-seat materials is limited. Three valves with 400
series Stainless Steel disk versus Stellite seat and one valve with Exelloy disk versus Monel seat
were disassembled/reassembled prior to the JOG baseline test. Figures 3-55 and 3-56 show the
valve factors for these valves.

Valve G99.05 (Exelloy/Monel seats) exhibits valve factor behavior similar to that of the
disassembled gate valves with self-mated Stellite seats. As shown in Figures 3-55 and 3-56, the
valve exhibits low baseline test valve factors that increase in the second test sequence No third
test data was obtained for this valve. :

For the three valves with 400 series Stainless Steel versus Stellite seats, a mixture of valve factor
behavior is observed. (G92.01 had 60 DP strokes performed between the reassembly and the

. baseline test. Similar to other high DP stroking gate valves, this valve shows relatively stable
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valve factors across the three tests. Valves G91.06 and G92.02 were not DP stroked between
reassembly and the baseline test. Similar to self-mated Stellite valves, G92.02 shows low initial
valve factors in the baseline test. Following 4 DP strokes between the baseline and second tests,
the valve factors show more typical values in the second test. No third test data was obtained for

this valve. Valve G91.06 (hot water) shows stable valve factors across the three tests and does
* not appear to be affected by the disassembly. This valve was not DP stroked between JOG DP .
tests. As discussed in Topic B.2-400 Series Stainless Steel Disk vs. Stellite Seat, the effects of a
temperature change between tests and recovery from disassembly are combined in the results for
this valve.

F.4 Influence of Guide Materials

As discussed in Topic C-Evaluation of Disk-to-Guide Friction, the required DP thrust for most -
disassembled/reassembled valves in the JOG Program was controlled by disk-to-seat friction.
Therefore, the data related to guide friction is limited. Fifteen disassembled valves had guide
friction controlled thrust in at least one JOG DP test. Figures 3-57 through 3-59 show the data
for these 15 valves separated by the material combinations. Where guide valve factors are not
determined for a test, thrust overlays and pressure traces were reviewed to determine the
qualitative guide friction trends between tests. The qualitative assessment of guide behavior is
supplied in the figures, indicating stable, increasing or decreasing valve factor trends between
tests. The figures include data for the following guide material combinations:

Carbon Steel vs. Carbon Steel (5 valves)

Carbon Steel vs. 17-4PH Stainless Steel (1 valve):

300 series Stainless Steel vs. 300 series Stainless Steel (4 valves)
300 series Stainless Steel vs. 17:4PH Stainless Steel (2 valves)
Stellite vs. Carbon Steel (1 valve)

Stellite vs. 17-4PH Stainless Steel (2 valves)

Although the available data is limited, disassembled valves with self-mated carbon steel, self-
mated 300 series stainless steel and 300 series stainless steel disk vs. 17-4PH stainless steel body
guides show guide friction behavior analogous to seat friction. Although the trend is not as
strong as for seat friction, disassembly/reassembly results in initially low guide valve factors
which tend to increase with DP stroking. After multiple DP strokes, the guide valve factors
appear to reach stable values and additional DP stroking does not affect required DP thrust. -

Sufficient data is not available to provide conclusive information regarding the effect of valve
disassembly on guide valve factors for valves with other guide materials. :

F.5 Fluid Type and Temperature

Thirty-three of the 40 disassembled valves were tested in cold (<120°F) treated water systems.
Thirty-one of the 33 valves (94%) are characterized in Figures 3-51 to 3-53. Based on the results
shown on these figures, the effect of disassembly is evident for valves in cold treated water.’
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Two disassembled valves (G06.02 and G20.01) tested in cold, untreated water show low baseline
valve factors that remain relatively stable in subsequent tests. Both of these valves have self-
mated Stellite disk and seat faces. Neither valve was DP stroked in the time between
disassembly/reassembly and the baseline test. Valve G06.02 was DP stroked 8 and 0 times
between JOG tests respectively, and G20.01 was DP stroked 4 times between each JOG test. As
shown in Figures 3-60 and 3-61, DP stroking does not appear to affect the valve factors for
valves in untreated water systems. However, sufficient data is not available to provide
conclusive information regarding the effect of valve disassembly on valves in untreated water -
systems.

Two disassembled valves (G91.06 and G99.05) were tested in hot water.'” G91.06 has a 400
series stainless steel disk face versus Stellite seat face and G99.05 has an Exelloy disk face
versus Monel seat face. As shown in Figures 3-60 and 3-61, the valve factors for G91.06 are
stable between tests and appear unaffected by disassembly. However, as discussed in

Topic B.2-400 Series Stainless Steel Disk vs. Stellite Seat, this data includes the mixture of
effects of temperature changes between tests and effects of disassembly. The valve factors for
(G99.05 shows an increase between baseline and second tests consistent with valve factor
behavior of disassembled gate valves with self-mated Stellite seats. Sufficient data is not
available to provide conclusive 1nformat10n regarding the effect of valve dlsassembly on valves
in hot water systems.

Three disassembled valves are located in steam systems, all with self-mated Stellite disk and seat
faces. Valves G60.01, G60.02 and G60.05 had 1, 24 and 0 DP strokes, respectively, between
valve reassembly and the baseline JOG test. As shown in Figures 3-60 and 3-61, the valve
factors exhibit a mixture of behavior between tests (per discussion in A.4-Hot Water and Steam,
open data for G60.02 is excluded). However, as discussed previously, the average baseline valve
factors for the disassembled steam valves are similar to or less than the average baseline valve
factors for non-disassembled valves in steam. In addition, the final average valve factors for the
disassembled valves are similar to or slightly higher than the valve factors for non-disassembled
valves in steam. This reduced initial valve factor after disassembly and the increase in valve ,
factor with subsequent DP stroking is analogous to the trend for gate valves with Stellite seats in
cold, treated water, although the trend is not as strong for valves in steam.

G. EFFECTS OF DP STROKING

Based on the JOG MOV PV Program test results from 134 gate valves it is apparent that:

e Valves which are stroked frequently against DP tehd to have higher overall valve factors
than valves which are not typically stroked against DP

e Valves with low valve factors tend to increase with DP stroking (i.e., service-related
degradation), resulting in valve factors near other similar valves. Valves with higher
overall valve factors tend to remain stable with DP stroking

' Valve G91.06 was tested in 95°F water in the baseline test; 225°F water in the second test, and 190°F water in the
third test. Valve G99.05 was tested in 135°F water in the baseline test and 87°F water in the second test.
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The following analysis evaluates the effects of DP stroking on all gate valves in the JOG MOV
PV Program. Although all of the gate valve data have been addressed in other analyses in this
section, including the effects of DP stroking, this section is intended to summarize the overall
trends and conclusions.

G.1 Valve Factor and DP Stroking

On average, valves that experience a high frequency of DP stroking tend to exhibit higher valve
factors than valves not DP stroked. This trend is best observed by analyzing non-disassembled
‘gate valves. Figure 3-62 shows the average baseline valve factors'® for non-disassembled valves
with self-mated Stellite seats in water as a function of the number of DP strokes performed per
year prior to the baseline test. Figure 3-63 shows a similar analysis for non-disassembled valves

with other (non-Stellite) seats in water.

The data in Figure 3-62 show a strong correlation between the amount of DP stroking and
average baseline test valve factor for valves with self-mated Stellite seats. High DP stroking
valves'? exhibit higher average valve factors than low DP stroking valves and valves which were
not DP stroked in the two years prior to the baseline test. The data in Figure 3-63 show that high
DP stroking valves with non-Stellite seats also exhibit higher valve factors than valves that are
DP stroked less frequently. However, the average valve factors for no DP stroking and low DP
stroking valves with non-Stellite seats do not show the same trend exhibited by valves with
self-mated Stellite seats (Figure 3-62). This inconsistency is explained by examining the
population of valves in Figure 3-63. The valves with non-Stellite seats include four different
disk-to-seat material combinations which have different coefficients of friction that affect valve
factor. In addition, the total population of valves with non-Stellite seats is relatively small, such
that test results from individual valves may skew the data slightly. Nonetheless, the overall
conclusion supported by Figures 3-62 and 3-63 is that valves which are stroked frequently
against DP tend to have higher valve factors than valves which are not typically stroked against
DP. L

G.2 Change in Valve Factor Due to DP Stroking

Low initial valve factors tend to increase as a result of DP stroking. This behavior is service-
related degradation. Further, valves with low initial valve factors which experience a high
number of DP strokes exhibit larger increases than valves with less frequent DP stroking. These
trends are best observed by considering valves that have been disassembled/reassembled prior to
the baseline test. As discussed in Topic F-Effects of Valve Disassembly and Reassembly,
disassembled valves tend to show low valve factors immediately following disassembly. These
low initial valve factors increase with subsequent DP stroking.

'® Average seat friction valve factors are calculated as the mean of four points of interest during the valve stroke
(Flow Isolation, Initial Wedging, Just After Cracking and Flow Initiation).

" Valves that are typically stroked 5 or more times per year are “High” DP stroking valves. Valves that are

- typically DP stroked 1-4 times per year are “Low” DP stroking valves. Valves that are not typically DP stroked are
“No” DP stroking valves. '
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Figure 3-64 shows the average valve factors for disassembled valves across the three tests,
considering the number of DP strokes between tests. In all three cases, the low baseline valve
factors increase significantly in the second test. For valves that are stroked infrequently (no and

" low DP stroking), the increase in average valve factor is similar. Valves that are stroked most
frequently (high DP stroking) show the largest increase in valve factor from baseline to second
test.

In the second and third test, the average valve factors for no and low DP stroking valves continue
to increase, although the increases are smaller than the changes between baseline and second
tests. This trend suggests these valve factors will eventually stabilize as more DP strokes are
accumulated. For high DP stroking valves, the average valve factor is stable from the second to
third test, suggesting that the valves are no longer sensitive to the accumulation of DP strokes
Additional DP stroking is not expected to affect these Valve factors. ‘

The tendency for low valve factors to increase from service-related degradation is also depicted
in Figure 3-65. The figure shows the change in valve factor between subsequent tests versus
initial valve factor for all disassembled/reassembled valves tested in water systems. The three
dark solid lines show the best fit line for the no, low, and high DP stroking data. The slopes of
these lines indicate that for all three groups, valves with lower initial valve factors tend to-
increase, and valves with higher initial valve factors tend to be stable or dectease. -

G.3 Influence of Seat Materials

As shown in Flgures 3-62 and 3-65, the effect of DP stroking is apparent for valves with Stellite
seats tested in water systems. -

Although the data for valves with non-Stellite seats is limited, Figure 3-63 also shows the
correlation between higher initial valve factors and frequent DP stroking for these valves. The
tendency for non-Stellite valves with low valve factors to increase is shown in Figure 3-66. The
figure shows the change in valve factor between subsequent tests versus initial valve factor for
all valves with non-Stellite seats, tested in water systems. As shown in the figure, low valve
factors in water systems tend to increase while higher valve factors remain stable or decrease.

G.4 Influence of Guide Materials

The required DP thrust for most gate valves in the JOG MOV PV Program was controlled by
disk-to-seat friction. Therefore, the data related to guide friction is limited. Thirty-eight valves
exhibited guide friction controlled thrust in at least one JOG DP test. These data are discussed in
detail in Topic C-Evaluation of Disk-to-Guide Friction.

Overall, the guide valve factors show a much weaker correlation with frequency of DP stroking
than seat friction valve factors. However, valve disassembly/reassembly and subsequent DP
stroking for several guide materials exhibit guide valve factor trends similar to those of seat ’
friction valve factors. As discussed previously, disassembled gate valves with the following
disk-to-body guide materials exhibit lower initial valve factors compared to non-disassembled ™

" valves, and show an increasing valve factor trend with subsequent DP stroking:
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e Carbon Steel Disk vs. Carbon Steel Body Guides
e 300 Series Stainless Steel Disk vs. 300 Series Stainless Steel Body Guides
‘e 300 Series Stainless Steel Disk vs. 17-4PH Stainless Steel Body Guides

Sufficient guide valve factor data is not available to provide conclusive information regarding
the effect of valve disassembly and subsequent DP strokmg on valves with other disk-to- body
guide materials.

G.5 Fluid Type and Temperature

The effect of DP stroking is apparent for valves in cold, treated water systems, as shown in
Figures 3-62 through 3-66.

Fourteen valves were tested in untreated water. Nine of these valves have self-mated Stellite
seats and were not disassembled prior to the baseline test. As shown in Figure 3-67, these valves
exhibit similar behavior to valves in treated water, with respect to DP stroking. The untreated
water valves which are stroked frequently against DP tend to have higher valve factors than
valves which are not typically stroked against DP. The figure shows that the average valve
factors for treated and untreated water are comparable. Further, as discussed in previous
sections, untreated water valves with low initial valve factors tend to 1ncrease with DP stroking,
resulting in stable valve factors near other similar valves.

Five gate valves were tested in hot water. Two valves are low DP stroking valves and three
valves are no DP stroking valves. Figure 3-68 shows the opening stroke valve factors for the
point of “Just After Cracking” for these valves. Valve factors at other points of interest during
the valve stroke behave similarly to these valve factors. In general, the hot water valves exhibit
higher average valve factors than no and low DP stroking cold water valves. In addition, the low
DP stroking hot water valves appear to have slightly higher valve factors than the no DP stroking
-hot water valves, particularly for a given disk-to-seat material pair (G99.03 and G99.04 have seat
materials of Exelloy versus Monel).

Valve G79.02, which has self-mated Stellite seats, exhibits relatively high valve factors which
remain stable or decrease with DP stroking. This valve factor trend is consistent with trends
observed for valves with Stellite seats and high initial valve factors in cold water. Valve G91.06
was disassembled/reassembled prior to the baseline test and exhibits the lowest valve factors of
the five hot water valves, and does not exhibit the characteristic increase in valve factor after
subsequent DP stroking. Note that the baseline, second and third test were performed at
temperatures of 95°F, 225°F and 190°F, respectively. As discussed in Topic B.2-400 Series
Stainless Steel Disk vs. Stellite Seat, effects of a temperature change and recovery from
disassembly are mixed together in the data for this valve. Valve G99.05 was
disassembled/reassembled prior to the baseline test and exhibits low initial valve factors that
increase on subsequent DP stroking as discussed in Topic B.3-400 Serzes Stainless Steel (or
Exelloy) Disk vs. Monel Seat.
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Although the data for hot water valves are consistent with cold water results, the extent of hot
water data (5 valves covering 3 materials) is not sufficient to support a clear conclusion.

Of the eleven gate valves tested in steam systems, eight were not disassembled/reassembled prior
to the baseline test. Of the eight valves, five are typically DP stroked 5 or more times between
tests and three are stroked between 1 and 4 times. Figure 3-69 shows the average seat friction
valve factors for the non-disassembled steam valves across the three test series. As discussed in
Topic A.4-Hot Water and Steam, steam valves do not appear to exhibit the same valve factor
behavior as valves in cold water systems. Although the figure shows low DP stroking valves
have average valve factors that are higher than the average valves factors of the high DP stroking
valves, sufficient data is not available to provide conclusive information regarding the effect of
DP stroking on current valve factor for valves in steam systems.

Three of the steam valves were disassembled/reassembled prior to the baseline test. Two of
these steam valves are typically DP stroked 5 or more times between tests and one steam valve is
not typically DP stroked. The disassembled valve with “no DP stroking” exhibited higher valve
factors than the two valves with “high DP stroking.” However, as shown in the individual test
data presented for Stellite valves in steam, the behaviors of these valves across the three JOG test
series are inconsistent, and the test data do not provide conclusive information regarding the
effects of valve disassembly and DP stroking on valve factors for steam valves.

H. EFFECTS OF STATIC TESTING -

This topic evaluates the effect on valve factor of performing a static test prior to a DP test. The
evaluation is performed using results from gate valves with Stellite seats. .

The JOG DP Test Specification (Reference 9) required that an instrumented static test of the
valve be performed prior to the DP test strokes, within 30 days. The purpose of the static test
was to capture the behavior of the valve prior to applying DP conditions and to ensure that static

“test results comparable to the DP results were obtained. One of the NRC’s comments on this
approach was that potential effects of this pre-DP static stroke would not be able to be discerned
from the data. The NRC was particularly concerned if the pre-DP static stroke caused a decrease
in the valve factor measured in subsequent DP tests.

A few gate valves tested in the JOG MOV PV Program did not satisfy the 30-day requirement,
but instead had a time interval from static stroke to DP stroke exceeding 30 days. These data
provided a useful source of information to evaluate the effects of a longer period on valve factor.
In addition, many valves in the program had two consecutive sets of DP strokes performed as
part of each test sequence. Although this DP stroke pair is slightly different from a static-DP
stroke pair, the results from a DP stroke pair also provide a meaningful source of information to
evaluate the effect of stroking on subsequent valve factor results.

Two types of evaluations were used to determine the effect of a pre-DP static test on a DP test
valve factor. -
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1. Valves were identified that had a test sequence in which the time interval between the first
DP stroke and the preceding static stroke was more than 29 days. For these valves, the
valves factors for all available tests were compared, to determine if the lengthened interval
prior to the DP stroke had an effect on valve factor. ’

2. For valves where the static test preceded the first DP stroke by less than 30 days in all test
sequences, the change in valve factor between consecutive DP strokes during each test was
examined as an indicator of the effect of stroking on subsequent behavior. The rationale was
that whatever effect a static stroke might have on valve factor, the effect of a DP stroke
should be greater. Therefore, if an effect exists, it should be revealed by this evaluation,
although the magnitude will likely be overstated. :

Figures 3-70 and 3-71 present the results of the analysis related to Item (1) above. There were
15 gate valves with the pre-DP static test performed more than 29 days prior to the first DP test.
Note that this group includes four valves that were disassembled/reassembled prior to the
baseline test. The data was evaluated to determine whether there is a trend in valve factor based
on the length of time between the pre-DP static test and the first DP test. For example, for this
data, higher valve factors in tests with longer static-to-DP test intervals would tend to indicate
that a static test performed immediately prior to a DP test reduces the valve factor. Conversely,
lower valve factors in tests with longer static-to-DP test intervals would tend to indicate that a
static test performed immediately prior to a DP test increases the valve factor. In examining
Figures 3-70 and 3-71, the results do not indicate any trend on valve factors, 51gmfylng that the
static test has negligible influence on valve factor performance

Figures 3-72 through 3-76 present the results of the analysis related to Item (2) above. These
data are from test sequences with two consecutive DP strokes, for valves located in treated water
or steam systems without internal maintenance preceding the test. The JOG Program data
includes 143 such tests (102 tests for valves in cold water, 36 tests for valves normally in hot -
water and tested in cold water, and 5 tests for valves normally in hot water/steam). The data are
evaluated to determine the effect of one DP stroke on the consecutive stroke. The histograms
show the relative valve factor change between consecutive DP strokes. The data are further-
classified based on fluid temperature and by the number of days between the pre-DP static test
and DP test. The results indicate that the effect of one DP stroke is to slightly increase the valve
factor on the next stroke for valves tested in cold water. For valves tested in hot water and
steam, the trend is reversed, i.e., a slight decrease in valve factor is observed from one stroke to
the next. The time-period between the pre-DP static and initial DP test does not affect the result.

The effect of a static stroke would be expected to be much smaller than that of a DP stroke.
Overall, the conclusion is that a static stroke may very slightly increase the valve factor for
valves tested in cold water and may very slightly decrease the valve factor for valves tested in
hot water or steam. Hence, the performance of a static stroke prior to a DP stroke is negligible
and is not necessary to consider in the final PV approach for gate valves.
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|. EFFECTS OF DRAINING/VENTING

This topic evaluates the effect on valve factor due to draining, venting and refilling the piping
surrounding the MOV prior to DP testing. The evaluation is performed using results from the
baseline and second tests for non-disassembled gate valves with a combination of seat materials,
fluid type and temperature.

The JOG DP Test Specification (Reference 9) provided no limitations or restrictions on draining,

-venting, or refilling the system. However, for each JOG test, the plant was required to record
whether the piping surrounding the MOV was drained/vented/refilled preceding the DP test.
Because draining and venting the piping exposes the valve internals (i.e., frictional interfaces) to
a different fluid environment for a short period, a potential concern is that this iteration could
influence the friction behavior of the valve surfaces. Specifically, one of the NRC’s comments
on draining/venting was that the potential effect on valve factor could be similar to the effect of
disassembly/reassembly of the valve whereby the internals are removed from the valve body and
exposed to air. The NRC was particularly concerned if draining/venting caused a decrease in
valve factor. '

As discussed previously, for the non-disassembled gate valves with valid baseline and second
test data, the average valve factors were stable between tests.  These data were then separated by
whether the surrounding piping was drained/vented/refilled prior to each test. Twenty-seven
valves recorded draining prior to the baseline test and 23 valves recorded draining prior to the
second test. The average change in valve factor between baseline and second test was evaluated
for the following four cases to determine the effect of draining/venting/reﬁlling on valve factor:

Case 1: Valves that were drained/vented/refilled prior to both the baseline and second
tests. (18 valves)

Case 2: Valves that were drained/vented/refilled prior to the baseline test, but not prior to
the second test. (9 valves)

Case 3: Valves that were not drained/vented/refilled prior to the baseline test, but were
drained/vented/refilled prior to the second test. (5 valves)

Case 4: Valves that were not drained/vented/refilled prior to both the baseline and second
tests. (60 valves)

Figure 3-77 presents the results of these four evaluations. The upper graph on Figure 3-77
covers valves that were drained prior to the baseline test, and compares the change in valve
factor for valves drained versus not drained prior to the second test {Cases 1 and 2 above). As
the figure shows, valves drained prior to both tests show no, or very small changes in valve
factor. Valves that were not drained prior to the second test tended to show increases in valve
factor, although the changes are small (about 0.03). These results suggest that draining/venting
tends to slightly reduce the valve factor.
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The lower graph on Figure 3-77 covers valves that were not drained before the baseline test, and
compares the changes in valve factor for valves drained versus not drained prior to the second
test (Cases 3 and 4 above). Valves that were not drained before both tests show stable valve
factors between tests. Valves that were drained before the second test (but not before the
baseline test) tend to show slight reductions in VF although the average change is small (<0.03).
These results also suggest that draining/venting tends to slightly reduce the valve factor.
Overall, the conclusion is that draining/venting/refilling the piping surrounding the MOV may
slightly reduce the valve factor in the subsequent DP test. The effect, however, is not as strong
as the effect of valve disassembly/reassembly prior to DP testing. Hence,

draining/venting/refilling piping prior to a DP stroke is negligible and is not necessary to
consider in the final PV approach for gate valves.

J. OTHER GATE VALVE EVALUATIONS

As discussed earlier in this section, the amount of gate valve test data obtained in the JOG MOV
PV Program was extensive. The analyses presented in Topics A through I document the
observations and valve factor trends based on the primary factors influencing gate valve required
thrust. In addition to these evaluations, the data were evaluated to examine the effects of
numerous other factors. The additional factors evaluated are summarized below.

Valve Manufacturer

Valve Size

Valve Pressure Class

Valve Stem and Pipe Orientation

Normal Valve Position

Test Fluid Temperature vs. Normal Operating Fluid Temperature

Test Flow Rate

Load Factor (linear contact stress)

Valve Mean Seat Diameter

Stem Thrust Sensor Type

Valve Disk Type

Common Factors (if any) in Data with Opposite Trends than Expected

(e.g., high DP stroking valves with low valve factors)
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Chemistry/Treatments of Treated Water Systems
Guide Arrangement (standard vs. inverted)
Common Factors (if any) in 5% of Data outside Threshold Values

To examine the effects of these other factors, the set of data obtained in the program was
evaluated and analyzed to isolate the potential impact of the factor being investigated. For
example, to examine the effect of a specific parameter such as stem orientation, the data were
screened to identify similar groups of gate valve tests that had different stem orientations. Often
in this process, the data were culled. For example, the changes in valve factor that occurred after
disassembly and reassembly of a gate valve often overwhelmed other changes or effects.
Therefore, in examining a factor such as stem orientation it was most useful to examine only gate
valves that were not disassembled. These data were then sorted to find groups of gate valves
with similar types of fluid conditions and extents of DP stoking (but different stem orientations)
so that the effect of stem orientation could be discerned. The results were typically plotted and
organized in several different ways and then reviewed to discern the results. '

No significant valve factor trends or degradation trends were identified as a result of these

evaluations. Hence, it is not necessary to consider these factors in the final PV approach for gate
valves. ' -
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K. GATE VALVE CONCLUSIONS

Overall

1.

There is no age-related degradation in required thrust. Specifically, there is no increase in -
required thrust due only to the passage of time (without DP stroking). ' :

There is no service-related degradation (i.e., increases in required thrust due to DP
stroking) except under certain instances. The observations from the test data and ,
conditions for service-related degradation are described in detail in the conclusions below.

Disk-to-Seat Friction

3.

For the vast majority of gate valve closing strokes, disk-to-seat friction controls the
required DP thrust. Only when the friction coefficient is very low, for example due to
disassembly of the valve, will disk-to-seat friction not control the required closing thrust.
In these cases, the friction coefficient will likely rise as the valve is DP stroked and

- become controlling. Therefore, as long as valve closing strokes are setup based on typical

friction coefficients reflective of valves that have been in service, guide friction does not
need to be considered. :

For most gate valve opening strokes, disk-to-seat friction controls the required DP thrust.
However, some opening strokes can be controlled by guide friction even for typical
disk-to-seat friction coefficients. Therefore, both seat and guide friction need to be
considered for opening strokes.

For gate valves in water systems, disk-to-seat friction exhibits the following behavior:

o Valves that are not disassembled show a range of valve factors, the majority of
which remain stable with stroking.

o Some valves with low valve factors show increases in consecutive tests, resulting in
valve factors near other similar valves. Valves that do not stroke against DP in
service are more likely to have low valve factors.

. Valves that stroke frequently against DP tend to have higher valve factors than
valves that are not typically stroked against DP; however, these higher values are
typically stable. ‘

. Valves that are disassembled and reassembled tend to show reduced (low) valve
factors which tend to increase with DP stroking to values near similar, non-
disassembled valves.

. Threshold values were determined for géte valves with self-mated Stellite seats in
water systems and are summarized in Topic A.5-Grouping of Gate Valves with Self-
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Mated Stellite Seats for Détermining Thresholds. Threshold values for gate valves

with other (non-Stellite) seats are summarized in Topic B.5-Thresholds for Gate

Valves with Other (Non-Stellite) Seat Materials.

6.  For gate valves in steam systems, the data are more limited than for water systems. The
data cover only self-mated Stellite seats. Based on the data available, dlSk to-seat friction

in steam exhibits the following behavior:

. Valves that are not disassembled show a range of valve factors which remain stable

with stroking.
o Valves that are disassembled and reassembled tend to show slightly reduced (low)

valve factors. This trend is much weaker in steam than in water. For steam valves,
the slightly reduced valve factors show slight increases with DP stroking.

. The threshold value for gate valves in steam systems is summarized in Topic A.5-
Grouping of Gate Valves with Self-Mated Stellite Seats for Determining Thresholds.

" Disk-to-Guide Friction

7. Quide friction does not normally control required thrust for gate valve strokes. However
some opening strokes are controlled by gulde friction.

8.  The test results show stable valve factors and no service-related degradatlon for the

following guide materials and applications:

Disk-to-Gﬁide Material

Fluid Type ~ Fluid Temperature
Carbon Steel vs. Carbon Steel Treated / Cold Water (<120°F)
Untreated Hot Water (>120°F)
: ' Steam .

Carbon Steel vs. 17-4PH Stainless - Treated / Cold Water (<120°F)

Steel Untreated :

Stellite vs. Carbon Steel Treated Cold Water (<120°F).

Stellite vs. 17-4PH Stainless Steel Treated Cold Water (<120°F)
| Stellite vs. 300 Stainless Steel Treated Cold Water (<120°F)

Stellite vs. Stellite Treated Cold Water (<120°F)

300 Stainless Steel vs. 300 Stainless Treated Cold Water (<120°F)

Steel

300 Stainless Steel vs.. 17-4PH Treated Cold Water (<120°F)

Stainless Steel

300 Stainless Steel vs. Carbon Steel Treated / Cold Water (<120°F)
‘ Untreated Hot Water (>120°F)

9. The test results for the following guide materials and applicatibns_shbw that valves that are: |
disassembled and reassembled have slightly lower initial valve factors that tend to increase
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with DP stroking to values similar to non-disassembled valves. The increase is analogous
to valves with self-mated Stellite disk-to-seat friction, but is of lesser overall magnitude.

Disk-to-Guide Material Fluid Type Fluid Temperature
Carbon Steel vs. Carbon Steel Treated Cold Water (<120°F)
300 Stainless Steel vs. 300 Stainless Treated Cold Water (<120°F)
Steel ‘ .

300 Stainless Steel vs. 17-4PH Treated Cold Water (<120°F)
Stainless Steel

10. - Three potential guide degradation mechanisms were identified at the outset of the JOG
MOV PV Program. These mechanisms and the insights about them from the test data are
as follows:

a.

MPR-2524-A

Wear from cumulative DP strokes increases guide clearances and leads to poor
disk guiding:

Valves with carbon steel guides with a significant amount of DP stroking would
be expected to show the greatest sensitivity to wear. The JOG test results for
these valves do not show higher overall valve factors than valves that are not
typically DP stroked or stroked infrequently. Valves with 300 series stainless
steel guides did not show a trend based on DP stroking. Overall, valves with
carbon steel guides and 300 series stainless steel guides show stable valve factors
between tests, indicating no apparent degradation in guide friction. Guide wear, if
it is occurring, is not affecting guide friction.

Corrosion increases guide clearances and leads to poor disk guiding:

Valves with carbon steel guides in untreated water systems would be most likely
to corrode. Overall, guide valve factor trends between treated and untreated water
systems show similar and stable valve factors, indicating no apparent degradation.
Guide valve factors in untreated water systems show more variation between
tests. One valve with carbon steel guides in an untreated water system shows
high closing guide valve factors that increase on the subsequent tests. This same
valve has typical seat valve factors and typical opening guide behavior. The
observed closing result appears to be related to damage or accumulation of
foreign material. Nine gate valves with carbon steel guides in untreated water
showed stable valve factors. Based on the results from other valves, the single
valve with an increase is judged to be an outlier, and not indicative of a systematic
degradation trend.

Guide galling at elevated temperatures significantly increases guide friction: -

Guide valve factors for valves with 300 series stainless steel vs. carbon steel »
guides tested at elevated temperatures are higher overall than other guide material
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combinations. Guide valve factors for valves with carbon steel guides tested at -
elevated temperatures show a mixture of mid-range and high-range values. There
is no data for valves with self-mated 300 series stainless steel guides at elevated
temperatures. Overall, valves with carbon steel guides and 300 series stainless
steel vs. carbon steel guides tested in hot water or steam show stable valve factors
between tests, indicating no apparent degradation. From this information, it
appears possible that at elevated temperatures, guide surface damage or galling
might have occurred, but the valve factor is stable. '

Anchor/Darling Double Disk Gate Valves

11. - For Anchor/Darling double disk gate valves, there is no degradation associated with the
internal wedging (hard seating) mechanism. Changes in valve factor at hard seating do
not indicate degradation beyond that indicated by changes in disk-to-seat friction. Hence,
it is not necessary to consider the hard seating characteristic of Anchor/Darling double disk
gate valves in the final PV approach for gate valves.

Aloyco Split Wedge Gate Valves

12.  For Aloyco split wedge gate valves, there is no degradation associated with the internal
joint (hard seating) mechanism. Changes in valve factor at hard seating do not indicate
degradation beyond that indicated by changes in disk-to-seat friction. Hence, itisnot
necessary to consider the hard seating characteristic of Aloyco split wedge gate valves in
the final PV approach for gate valves.

Effects of Static Testing

13.  The effect of a static stroke prior to a DP stroke is expected to be much smaller than that of
a DP stroke. A static stroke may very slightly increase the valve factor for valves tested in
cold water and may very slightly decrease the valve factor for valves tested in hot water or
steam. Overall, the effect of a static stroke prior to a DP stroke is negligible and is not
necessary to consider in the final PV approach for gate valves.

Effects of Draining/Venting

14. Draining/venting/refilling the piping surrounding the MOV may slightly decrease the valve
factor (0.03 or less), although the effect is much less than the effects of valve disassembly
on valve factor. Overall, the effect of draining/venting/refilling prior to a DP stroke is
negligible and is not necessary to consider in the final PV approach for gate valves.

Other Gate Valve Evaluations

15. Additional valve attributes such as manufacturer, size, pressure class, stem and pipe
orientation, normal valve position, disk type, etc., were determined to have no effect on
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valve factor or degradation trends. Hence, it is not necessary to con51der these factors in
the final PV approach for gate valves
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Table 3-1A. Attributes of JOG MOV PV Program Gate Valves (5 Pages)

JoG Pressure . Disk Guide

Test Manufacturer Size Class Disk Type Disk Face Seat Ring Surface Body Guide
Matrix (in) Material Face Material X Surface Material

No. (Ibs) . Material -
G01.02 Velan 6 300 Flex Wedge Stellite Stellite Carbon Steel Carbon Steel

~ G06.01 Velan 12 150 Flex Wedge Stellite Stellite Carbon Steel Carbon Steel
G06.02 Velan 12 150 Flex Wedge Stellite Stellite Carbon Steel Carbon Steel
G08.01 Anchor/Darling 16 150 Flex Wedge Stellite Stellite Carbon Steel Carbon Steel
G10.01 Anchor/Darling 18 150 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G10.02 | Anchor/Darling 18 150 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G12.01 Velan 6 300 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G15.01 Velan 12 150 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G17.01 Walworth 24 150 Solid Wedge Stellite Stellite Stellite Carbon steel
G20.01 Borg-Warner 4 300 Flex Wedge Stellite Stellite Carbon Steel 17-4 PH SS
G22.01 Velan’ 6 150 Flex Wedge Stellite Stellite Carbon Steel Carbon Steel
G22.03 [ Borg-Warner 8 150 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G22.07 | Anchor/Darling 12 900 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G22.08 | Anchor/Darling 12 900 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G22.09 Walworth 8 150 Solid Wedge Stellite Stellite Carbon Steel Carbon Steel
G22.10 Walworth 8 150 Solid Wedge Stellite Stellite Carbon Steel Carbon Steel
G22.12 | Anchor/Darling 18 300 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G22.14 | Anchor/Darling 18 300 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G22.17 | Anchor/Darling 18 300 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G22.19 Crane 14 900 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G22.20 Crane 14 900 " Flex Wedge Stellite Stellite Carbon steel - Carbon steel
G22.21 Powell 24 900 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G22.22 Crane 24 900 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G27.01 Velan 6 150 Flex Wedge Stellite Stellite Carbon Steel Carbon Steel
G27.04 Velan 3 300 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G27.05 | Anchor/Darling 3 300 Flex Wedge Stellite Stellite Carbon steel Carbon steel
MPR-2524-A

3-51




Table 3-1A. Attributes of JOG MOV PV Program Gate Valves (5 Pages)

"]I‘(:s(t; Size Pressure Disk Face Seat R'in'gv Disk Guide Body Guide -
Matrix Manufacturer (in) Class Disk Type Material Face Material Surfa?e Surface Material
No. (Ibs) ‘ Material . :
G27.06 Velan 6 150 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G27.07 | Anchor/Darling 12 300 Flex Wedge Stellite Stellite " Carbon steel . Carbon steel
(G27.08 Walworth 3 300 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G27.10 Anchor/Darling 4 300 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G27.11 ‘Anchor/Darling 4 300 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G27.14 Velan 6 150 Flex Wedge Stellite Stellite Carbon steel Carbon steel -
G27.15 Velan 12 150 Flex Wedge Stellite © Stellite -Carbon steel Carbon steel
G27.16 Anchor/Darling 4 600 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G27.17 Powell 3 300 Solid Wedge Stellite Stellite Carbon steel ‘Carbon steel
G27.18 Anchor/Darling 18 300 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G32.01 Velan 6 150 Flex Wedge Stellite Stellite Stellite Carbon steel
G32.02 Velan 6 150 Flex Wedge Stellite Stellite Stellite Carbon steel
G32.03 Crane 16 300 Solid Wedge Stellite Stellite Stellite Carbon steel
~ G32.04 Velan 4 900 Flex Wedge Stellite Stellite Stellite Carbon steel
(G32.05 Crane 16 300 Solid Wedge Stellite Stellite - Stellite Carbon Steel
G36.01 Anchor/Darling 3 900 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G41.02 Powell 10 900 Flex Wedge Stellite Stellite Carbon steel Carbon steel
G41.06 | Anchor/Darling 8 600 Flex Wedge Stellite Stellite Carbon Steel Carbon Steel
G41.07 Velan 4 600 Flex Wedge Stellite Stellite Carbon Steel Carbon Steel
G41.08 Powell 10 900 Flex Wedge Stellite Stellite . - Carbon steel Carbon steel
G44.02 Walworth 4 900 Flex Wedge Stellite Stellite 300 series SS 300 series SS
G44.03 Walworth 4 900 Flex Wedge - Stellite Stellite 300 series SS 300 series SS~
G44.04 Powell 4 300 Solid Wedge Stellite Stellite 300 series SS 300 series SS
G44.05 Powell 4 300 Solid Wedge Stellite Stellite 300 series SS 300 series SS
G44.06 Powell 4 300 Solid Wedge Stellite Stellite 300 series SS 300 series SS
G44.08 Walworth 12 600 Flex Wedge Stellite Stellite 300 series SS 300 series SS
G44.09 | Anchor/Darling 6 900 Flex Wedge Stellite Stellite 300 series SS . 300 series SS
G44.10 Anchor/Darling 6 900 Flex Wedge Stellite Stellite 300 series SS 300 series SS
MPR-2524-A 3-52




Table 3-1A. Attributes of JOG MOV PV Program Gate Valves (5 Pages)

Test Size | Fressure Disk Face SeatRing | Disk Guide Body Guide
Matrix Manufacturer (in) Class Disk Type Material Face Material Surfa?e Surface Material
No. (Ibs) Material _

G44.11 Anchor/Darling 6 900 Flex Wedge Stellite Stellite 300 series SS - 300 series SS
G44.12 | Anchor/Darling 6 900 | Flex Wedge Stellite Stellite 300 series SS 300 series SS
G44.13 | Anchor/Darling 6 900 Flex Wedge Stellite Stellite 300 series SS 300 series SS
G44.14 Anchor/Darling 6 900 Flex Wedge Stellite Stellite 300 series SS 300 series SS
G44.15 | Anchor/Darling 8 150 Flex Wedge Stellite Stellite 300 series SS 300 series SS
G44.17 Anchor/Darling 4 900 Flex Wedge Stellite Stellite 300 series SS 300 series SS
G49.01 | Anchor/Darling 6 300 Flex Wedge Stellite ] Stellite 300 series SS 300 series SS
G54.01 Anchor/Darling 3 1500 Double Disk Stellite Stellite N/A N/A
'G54.02 | Anchor/Darling | . 6 150 Double Disk Stellite Stellite - N/A N/A
G54.03 | Anchor/Darling 3 1500 Double Disk Stellite Stellite N/A | N/A
G54.04 | Anchor/Darling 4 900 Double Disk Stellite Stellite N/A N/A
G56.01 Anchor/Darling 4 1500 Double Disk Stellite Stellite N/A N/A
G56.02 | ‘Anchor/Darling 6 150 Double Disk Stellite - Stellite N/A N/A-
G56.03 | Anchor/Darling 4 1500 Double Disk Stellite Stellite N/A | N/A
G57.01 Anchor/Darling 6 300 Double Disk Stellite Stellite N/A N/A
G58.01 Anchor/Darling 4 300 Double Disk Stellite Stellite N/A N/A
G58.02 Anchor/Darling 8 150 Double Disk Stellite | Stellite N/A ) N/A
G59.01 Anchor/Darling 4 900 Double Disk Stellite Stellite N/A ‘ N/A
(G59.02 | Anchor/Darling 6 300 Double Disk Stellite Stellite N/A N/A
G60.01 Anchor/Darling 10 600 Double Disk Stellite Stellite N/A | N/A
G60.02 | Anchor/Darling 4 900 Double Disk Stellite Stellite N/A N/A

" G60.03 | Anchor/Darling 4 600 Double Disk Stellite Stellite - N/A N/A
G60.04 Anchor/Darling 10 900 Double Disk Stellite Stellite N/A N/A
G60.05 Anchor/Darling 4 600 Double Disk Stellite Stellite N/A N/A
G60.06 | Anchor/Darling 4 600 Double Disk Stellite Stellite N/A N/A -

"~ G63.01 Aloyco 6 150 Split Wedge Stellite . Stellite Stellite 300 series SS
G63.02 Aloyco 6 300 . Split Wedge Stellite Stellite. N/A N/A
G63.03 Crane-Aloyco 8 300 Split Wedge Stellite ] Stellite 300 series SS | 300 series SS
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Table 3-1A. Attributes of JOG MOV PV Program Gate Valves (5 Pages)

JOG Pressure : : Disk Guide )
Test Manufacturer Size Class Disk Type Disk Face | Seat Ring Surface Body Guide
Matrix (im) Material Face Material N Surface Material
No. (Ibs) Material
G63.04 Aloyco 6 150 Split Wedge Stellite Stellite N/A 300 series SS
G63.05 Crane-Aloyco 6 300 Split Wedge Stellite Stellite N/A N/A
G63.06 Crane-Aloyco 6 300 Split Wedge Stellite Stellite N/A N/A
G65.01 . Aloyco 8 150 Split Wedge Stellite Stellite 300 series SS Stellite
G65.02 Crane-Aloyco 8 - 300 Split Wedge Stellite Stellite 300 series SS 300 series SS
G69.01 Westinghouse | 8 316 Flex Wedge Stellite Stellite _ Stellite " 17-4 PHSS
G69.02 Westinghouse 6 150 Flex Wedge Stellite Stellite Stellite 17-4 PH SS
G69.03 Westinghouse 3 2035 Flex Wedge Stellite Stellite - Stellite 17-4 PH §S
G69.05 Velan 4 1500 Flex Wedge Stellite Stellite Stellite ~ Stellite
G69.06 Westinghouse 6 900 Flex Wedge Stellite Stellite Stellite 17-4 PH SS
G69.07 Westinghouse 3 2035 Flex Wedge Stellite Stellite Stellite 17-4 PH SS
G69.08 Velan 12 300 Flex Wedge Stellite Stellite Stellite 300 series SS
G69.09 Velan 6 1500 Flex Wedge Stellite Stellite Stellite 300 series SS
G69.10 Velan 3. 1500 Flex Wedge Stellite Stellite Stellite 300 series SS
G69.11 Velan 3 1500 Flex Wedge Stellite Stellite Stellite 300 series SS
“G69.12 Westinghouse 10 300 Flex Wedge Stellite Stellite - Stellite 17-4 PH SS
G69.13 Anchor/Darling 12 900 Flex Wedge Stellite Stellite Stellite Carbon steel
G69.14 Velan 16 150 - Flex Wedge Stellite Stellite Stellite Carbon Steel
G75.01 Westinghouse 8 1525 Flex Wedge Stellite Stellite Stellite 17-4 PH SS
G75.02 Westinghouse 8 316 Flex Wedge Stellite Stellite Stellite 17-4 PH SS
G75.03 Westinghouse 4 900 Flex Wedge Stellite Stellite Stellite 17-4 PHSS -
G75.06 Westinghouse 6 1525 Flex Wedge Stellite Stellite Stellite 17-4 PH SS
G75.07 Westinghouse 6 150 Flex Wedge Stellite Stellite Stellite 17-4 PH SS
G75.08 Velan 12 300 Flex Wedge Stellite Stellite Stellite 300 series SS
G75.09 Westinghouse 3 1500 Flex Wedge Stellite Stellite Stellite 17-4 PH SS
G75.10 Velan 16 150 Flex Wedge Stellite - Stetlite Stellite Carbon Steel
G75.11 Velan 14 900 Flex Wedge Stellite Stellite Stellite 300 series SS
G79.02 Westinghouse 12 1525 Flex Wedge Stellite Stellite Stellite 17-4 PH SS
MPR-2524-A

3-54




Table 3-1A. Attributes of JOG MOV PV Program Gate Valves (5 Pages)

JOG Pressure : Disk Guide
Test Manufacturer Size Class Disk Type Disk Face Seat Ring Surface Body Guide
Matrix (in) Material Face Material . Surface Material
No. . - (Ibs) ) Material .
G83.01 Borg-Warner 3 1500 Flex Wedge Stellite Stellite 300 series SS 17-4 PH SS
G83.02 | Borg-Warner 4 1500 Flex Wedge Stellite Stellite 300 series SS 17-4 PH SS
G83.03 Borg-Warner 4 900 Flex Wedge Stellite Stellite 300 series SS 17-4 PH SS
G85.01 Borg-Warner 4 1500 Flex Wedge Stellite Stellite 300 series SS 17-4 PH SS
G88.01 Powell 8 150 Solid Wedge 400 series SS | 400 series SS Carbon steel Carbon steel
~(G88.03 Powell 12 150 Solid Wedge 400 series SS 400 series SS 300 series SS Carbon Steel
G89.01 Powell 8 150 Solid Wedge 400 series SS 400 series SS Carbon Steel Carbon steel
G89.02 Powell 4 300 Solid Wedge 400 series SS 400 series SS 400 series SS Carbon steel
G89.03 Walworth 12 150 Solid Wedge 400 series SS | 400 series SS Carbon steel Carbon steel
G91.05 Powell 6 150 Solid Wedge | 400 series SS Stellite Carbon steel Carbon steel
G91.06 Crane 18 300 Solid Wedge 400 series SS Stellite Carbon Steel Carbon Steel
G92.01 - Powell 18 300 Flex Wedge 400 series SS Stellite Carbon steel Carbon steel
G92.02 Walworth 18 300 Solid Wedge 400 series SS Stellite Carbon steel Carbon steel
G92.03 Powell 3 900 Solid Wedge Stellite Stellite Carbon Steel Carbon Steel
G96.01 Crane 10 900 Flex Wedge Stellite Stellite Stellite Malcolmized 410 SS
G96.02 Crane 10 900 Flex Wedge Stellite Stellite Stellite Malcolmized 410 SS
(G98.01 Anchor/Darling 16 300 Double Disk Deloro 50 Deloro 50 N/A N/A 1
G99.01 Crane 3 300 Solid Wedge 400 series SS Monel Carbon steel Carbon steel
G99.02 Crane 3 300 Solid Wedge 400 series SS Monel Carbon steel Carbon steel
G99.03 Crane 6 600 Solid Wedge Exelloy Monel 300 series SS Carbon Steel
G99.04 Crane 6 600 Solid Wedge Exelloy Monel 300 series SS ._Carbon Steel
G99.05 Crane 6 600 Solid Wedge Exelloy Monel 300 series SS Carbon Steel -
G99.06 Pacific 6 150 Flex Wedge 400 series SS Monel Carbon steel Carbon steel
G99.07 Walworth 8 150 . Solid Wedge 400 series SS Monel Carbon steel - Carbon steel
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Table 3-1B. Attributes of JOG MOV PV Program Gate Valves (5 Pages)

i D‘flgt?ijlzs;. Stem Orientation Pipe Orientation Normal Position Fluid Type Tgrz);::':::::l(?F)
G01.02 Vertical Horizontal closed untreated water 80
G06.01 Horizontal Vertical closed untreated water 80
G06.02 30°% Horizontal closed untreated water 80
G08.01 Vertical Horizontal closed untreated water 75
G10.01 Horizontal Vertical closed untreated water 95
G10.02 Horizontal Vertical closed untreated water 95
G12.01 Vertical 75°% closed untreated water 80
G15.01 Horizontal Vertical closed untreated water 80
G17.01 Vertical Horizontal open untreated water 80
G20.01 Vertical Horizontal closed untreated water 80
G22.01 Horizontal Horizontal open treated/closed loop water 117
G22.03 Horizontal Vertical open treated/closed loop water 100
G22.07 Horizontal Vertical closed treated/closed loop water 105
G22.08 Horizontal Vertical closed treated/closed loop water 105

- G22.09 Vertical _ Horizontal open treated/closed loop water 100
G22.10 45°%0 45°% closed treated/closed loop water 100
G22.12 Vertical Horizontal closed treated/closed loop water 100
G22.14~ Vertical Horizontal closed treated/closed loop water 100
G22.17 20°% Horizontal closed reactor coolant water 95
G22.19 120°%° Horizontal closed treated/closed loop water 90
G22.20 120°% Horizontal closed treated/closed loop water 90
G22.21 Vertical Horizontal closed reactor coolant water 90
G22.22 Vertical Horizontal closed reactor coolant water 90
G27.01 Horizontal -Horizontal open treated/closed loop water 100
G27.04 Vertical Horizontal open treated/closed loop water 90
G27.05 Horizontal Vertical open feedwater 90

® Indicated degrees from vertical above valve
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Table 3-1B. Attributes of JOG MOV PV Program Gate Valves (5 Pages)

]\‘/llgt? i;l‘eNs;. Stem Orientation ~ | Pipe Orientation Normal Position " Fluid Type T::;;l':ifl!:l(gF)
G27.06 45°% Horizontal open treated/closed loop water 100
G27.07 Horizontal Vertical open treated/closed loop water 80
G27.08 Horizontal Vertical open treated/closed loop water 80
G27.10 Vertical Horizontal open treated/closed loop water | 105
G27.11 Horizontal Vertical open treated/closed loop water 105
G27.14 Horizontal Horizontal open treated/closed loop water - 117
G27.15 Vertical Horizontal closed treated/closed loop water 123
G27.16 105°%° Horizontal closed treated/closed loop water 80
G27.17 Horizontal Vertical open treated/closed loop water 87
G27.18 Vertical Horizontal closed treated/closed loop water 85
G32.01 Vertical . Horizontal open treated/closed loop water 83

- G32.02 Vertical Horizontal open treated/closed loop water 83
G32.03 Horizontal Vertical closed treated/closed loop water 95
G32.04 Vertical Horizontal open feedwater 110
G32.05 Horizontal Vertical closed treated/closed loop water 95
G36.01 Vertical Horizontal closed ) steam 540
G41.02 Vertical Horizontal closed steam 550
G41.06 Horizontal Vertical open steam 532
G41.07 Vertical Horizontal open steam 600
G41.08 Vertical Horizontal closed steami 550
G44.02 Vertical Horizontal open treated/closed loop water 105
G44.03 Horizontal Horizontal open treated/closed loop water 105
G44.04 Horizontal Horizontal open reactor coolant water 80
G44.05 Horizontal ~ Horizontal open reactor coolant water 80
G44.06 Horizontal Horizontal open reactor coolant water 80
(G44.08 Vertical Horizontal closed treated/closed loop water 95
G44.09 Vertical Horizontal closed feedwater 90
G44.10 Vertical Horizontal closed feedwater 90
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Table 3-1B. Attributes of JOG MOV PV Program Gate Valves (5 Pages)

‘

I\‘/I[gt(: i;l";ls;. Stem Orientation Pipe Orientation Normal Position Fluid Type Telj:;:lr:Lf::I(?F)
G44.11 Vertical Horizontal closed feedwater 90
G44.12 Vertical Horizontal closed feedwater 90
G44.13 Vertical Horizontal closed feedwater 90
G44.14 Vertical Horizontal closed feedwater 90
G44.15 Vertical Horizontal closed - reactor coolant water 195
G44.17 Vertical Horizontal open reactor coolant water 80
G49.01 Vertical Horizontal closed treated/closed loop water 70

~ G54.01 Vertical Horizontal closed treated/closed loop water 100
G54.02 Vertical Horizontal open treated/closed loop water 95
G54.03 Vertical Horizontal closed reactor coolant water 170
G54.04 Vertical Horizontal open reactor coolant water 80
'G56.01 Vertical Horizontal closed reactor coolant water 105
'G56.02 Vertical Horizontal open treated/closed loop water 95
'(56.03 Vertical Horizontal closed reactor coolant water 105
G57.01 Horizontal Horizontal closed treated/closed loop water 85
G58.01 Vertical Horizontal closed treated/closed loop water 70
G58.02 Horizontal Horizontal open untreated water 85
G59.01 Horizontal Vertical closed feedwater 100
G59.02 Horizontal Vertical open reactor coolant water 140
G60.01 Vertical Horizontal closed steam 546
G60.02 Vertical Horizontal closed steam 532
G60.03 Horizontal Horizontal closed steam 532
G60.04 Vertical Horizontal closed steam 550
G60.05 Horizontal Vertical closed steam 580
G60.06 75°% Horizontal closed steam 532
G63.01 Vertical Horizontal open treated/closed loop water 85
G63.02 Horizontal Vertical closed reactor coolant water 100
'G63.03 25°% Horizontal open reactor coolant water 300
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Table 3-1B. Attributes of JOG MOV PV Program Gate Valves (5 Pages)

JOG Test

Normal Fluid

Matrix No. Stem Orientqtion Pipe Orientation Normal Position Fluid Type Temperature (-F)
G63.04 Vertical Horizontal open reactor coolant water C 115
G63.05 Vertical Horizontal closed reactor coolant water 90
(G63.06 Vertical Horizontal . closed reactor coolant water 90
G65.01 Vertical Horizontal open treated/closed loop water 95
(G65.02 Vertical Horizontal open reactor coolant water 300 .
G69.01 45°% Horizontal open treated/closed loop water 350
G69.02 Vertical Horizontal closed _treated/closed loop water 80
G69.03 ~ Vertical Horizontal closed reactor coolant water 130
G69.05 Vertical Horizontal closed reactor coolant water 105
G69.06 Vertical Horizontal open reactor coolant water 95
G69.07 Vertical Horizontal open reactor coolant water 105
G69.08 Vertical Horizontal closed reactor coolant water 300
G69.09 Vertical Horizontal open reactor coolant water - 110 -
G69.10 Vertical Horizontal closed reactor coolant water 170
G69.11 Vertical Horizontal closed reactor coolant water 170
G69.12 Vertical Horizontal open treated/closed loop water 350
G69.13 Vertical Horizontal closed reactor coolant water 110
G69.14 Horizontal Horizontal open treated/closed loop water 95
G75.01 Vertical Horizontal open treated/closed loop water 350
G75.02 45°% Horizontal open treated/closed loop water 350
G75.03 Vertical Horizontal open treated/closed loop water 95
G75.06 Vertical Horizontal open reactor coolant water 95
G75.07 Vertical Horizontal closed treated/closed loop water 80
G75.08 Vertical Horizontal closed reactor coolant water 300
G75.09 Vertical Horizontal closed reactor coolant water 170
G75.10 Horizontal Horizontal open treated/closed loop water . 95
G75.11 Horizontal Vertical closed reactor coolant water 525
G79.02 Vertical Horizontal closed hot water ~ 350
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Table 3-1B. Attributes of JOG MOV PV Program Gate Valves (5 Pages)

JOG Test

Normal Fluid

Matrix No. Stem Orientation Pipe Orientation Normal Position F luid Type Temperature (-F)
G83.01 Horizontal Horizontal open treated/closed loop water 155 .
G83.02 Horizontal Horizontal open - treated/closed loop water 105
G83.03 Vertical Horizontal open feedwater 120
(G85.01 Horizontal - Horizontal open treated/closed loop water 105
G88.01 Horizontal Horizontal open treated/closed loop water 100
(G88.03 Vertical Horizontal closed untreated water 70
G89.01 Vertical Horizontal open untreated water 70
G89.02 Vertical Horizontal open treated/closed loop water - 90
G89.03 Horizontal Vertical open untreated water 85
G91.05 Vertical Horizontal open treated/closed loop water 125
G91.06 Vertical Horizontal open feedwater 370
'G92.01 Horizontal Horizontal closed ‘reactor coolant water 84
G92.02° Horizontal Horizontal closed treated/closed loop water 90
G92.03 Vertical Horizontal closed feedwater 80
G96.01 Vertical Horizontal closed treated/closed loop water 95
(G96.02 Vertical Horizontal closed treated/closed loop water 95
(G98.01 Horizontal Horizontal closed treated/closed loop water 100
G99.01 Vertical- Horizontal open treated/closed loop water 90
G99.02 Vertical Horizontal open treated/closed loop water - 90
G99.03 Horizontal Horizontal open treated/closed loop water 455
G99.04 Horizontal . Horizontal open treated/closed loop water 455
'(G99.05 Horizontal Horizontal open treated/closed loop water 455
G99.06 Vertical Horizontal open treated/closed loop water 95
G99.07 Horizontal Vertical open treated/closed loop water 70
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Table 3-2. Test Conditions for JOG Gate Valves (6 Pages)

JOG Flow Rat Flow Fluid Number of DP Strokes P
ow KRate [1]]
Test. (gpm or ]}:at:efifto/:) Temperature Closg DP |- Oper!-DP Prior to Betwgen ‘ . Between Stroking .
Matrix Iabeled) nominal (F) (psig) (psig) Baseline Test Baseline Seconfi Class?!
No. vave size) Q@ years) and Second | and Third
Tests Tests
G01.02 700 - 715 79-8.1 62 - 68 71-78 69 - 76 0 0 0 No
"G06.01 | 1654-2000 | 4.7-5.7 45- 60 50 - 67 49 - 65 4 0 0 No
G06.02 | 1900-2009 | 5.4-57 49 - 62 45-59 45 - 51 4 8 0 Low
~ G08.01 2600 41 68-79 54 - 74 47 - 131 [ 12 20 . High
G10.01 | 6680-6800 | 8.4-8.6 45 - 50 110- 119 113- 122 5 0 0 Low
G10.02 | 6600-6800 | 8.3-86 45 - 51 114 - 126 115-123 19 . 158 48 High
G12.01 700 - 715 79-8.1 60 - 68 69 - 81 67-77 0 0 0 No
G15.01 1660-2000 | 4.7-5.7 49 - 60 41 - 57 43-54 4 0 0 No
G17.01 5600 4 41-49 51-92 87-101 1 0 NA# No
" G20.01 194 - 200 5.0-5.1 35-48 48 - 98 66 - 73 [] 4 4 Low
G22.01 709 - 788 8.0-89 72-78 112-179 | 111-121 . i 4 4 Low
G22.03 | 1007-1650 | 6.4-10.5 80 - 90 112 - 126 97 - 103 17 17 20 High
G22.07 | 7900-8000 |224-227] 104-126 245 - 255 238 - 250 0 0 NAZ No
G22.08 | 7600-8300 121.6-235 78 - 127 258 - 315 259-303 0 0 5 No
G22.09 984 - 1500 6.3-9.6 55-170 120 - 143 110 - 129 0 0 0 No
G22.10 934 - 1500 6.0-9.6 55-70 119 - 146 115- 128 0 0 0 No
G22.12 {23100 - 23200 | 29.1-29.3 59-78 328 - 353 321-350 83 118 . 83 High
G22.14 | 23000 - 23500 | 29.0 - 29.6 72 - 80 331 - 357 334 -354 94 - 168 106 High
G22.17 10500 13.2 80 362 - 365 363 - 367 0 0 0 No
G22.19 | 14800 - 15000 | 30.8 - 31.3 70 - 81 306 - 313 310 0 1 2 . Low
G22.20 15000 31.3 70-77 311 -316 301-314 0 5 0 No
G22.21 | 7700-8100 | 55-5.7 83 - 96 250 - 261 248 - 259 0 1 1 Low

 Valves classified as “No” are not typically DP stroked during normal plant operation or in between JOG tests. Valves Classified as “Low” are typically DP
stroked 1-4 times per year during normal plan operation or in between JOG tests. Valves classified as “High” are typically DP stroked > 5 times per year during

normal plant operation or in between JOG tests.

" 2 Valve does not have a third test.
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Table 3-2. Test Conditions for JOG Gate Valves (6 Pages)

JOoG Flow _ Number of DP Strokes _
Test Flow Rate | Rate (ft/s) Fluid Close DP Open DP . Between Between DP
' Matrix (gpm or (based on Temperature (psig) (psig) Pr{or to Baseline Second Strokn;n]g
No. labeled) | nominal | - (°F) Baseline Test | 4nd Second | and Third | Class™
_ . valve size) (2 years) " Tests Tests
G22.22 | 7700-8100 | 5.5-57 74 - 120 228 - 286 234 - 244 6 0 2 Low
G27.01 870 - 972 9.9-11.0 72-79 131-139 123-133 4 4 4 Low
G27.04 300 13.6 82 -85 311 - 358 321-352 16. 22 8 High
G27.05 540 24.5 78 - 88 266 - 282 320 - 338 8 5 8 High
G27.06 696 - 754 .7.9-8.6 67-75 127 - 141 115 - 126 4 4 4 Low
G27.07 | 1900-2050 | 5.4-58 75 - 82 160 - 188 160 - 184 20 20 20 High
G27.08 475-515  |21.6-234 60 - 78 283-301 | 283-300 26 6 8 High
G27.10 625 16 80 - 85 174 - 192 295 - 301 20 38 159 High
G27.11 648 - 649 16.5-16.6 84 - 85 191-192 296 - 302 20 60 NA* High
G27.14 696-754 | 7.9-8.6 67-75 116-176 | -99-127 8 4 4 Low
G27.15 | 4500-6000 |12.8-17.0 76 - 91 89- 116 89-113 16 16 8 - High
G27.16 500 12.8 90 - 97 1413 - 1495 | 1402 - 1494 41 93 47 High
G27.17 640 29 69 - 81 359 - 381 338 - 386 32 20 0 High
"G27.18 | 11000 - 11400 | 13.9-14.4 84 - 86 312 - 345 308 - 330 0 0 0 No
G32.01 353 4.0 59 -85 74 -91 76 - 90 0 2 1 Low
G32.02 353 4.0 59 -85 79 -93 76 - 87 0 2 R Low
G32.03 | 6000-8500 | 9.6-13.6 42 275 - 297 286 - 296 0 0 0 No
G32.04 280 - 320 7.1-82 .69 - 80 1495 - 1569 | 1498 - 1565 0 0 0 No
G32.05 | 6000-8500 | 9.6-13.6 39-43 297 - 340 NA 0 0 0 - No
6700 - 7130 16.8— - s
G36.01 bo/hr 02 455 - 545 NA 458 - 564 7 2 2 Low
195700 - 472- . .
G41.02 | 500050 1h e 50.0 536 - 538 936 - 984 928 - 948 30 21 12 High
G41.06 | 275000 Ib,/hr 114 528 800 - 820 880 0 4 NA™ Low
G41.07 | 32000 Iby/hr 32.8 580 NA 874 -916 2 2 NA?- Low
‘Gatog | 193700 | 430= | 53g. 548 NA | 936-1033 30 21 2 High
: 207250 lb/hr 50.0
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Table 3-2. Test Conditions for JOG Gate Valves (6 Pages)
Flow Number of DP Strokes
-JOG Flow Rate. | Rate (ft/s) Fluid ) B B DP
Test (gpm or (based on | Temperature Close. DP Open DP Prior to ctween ctween Stroking
Matrix labeled) nominal F) (psig) (psig) Baseline Test Baseline Seconfi Class®
No. valve size) @ years) and Second | and Third
: Tests Tests )
G44.02 600 - 640 15.3-16.3 90-93 1492 - 1533 | 1476 - 1511 8 11 1 High
G44.03 570 - 600 14.6-15.3 90-93 1491-1577 | 1466 - 1515 1 0 1 Low
G44.04 105-173 27-44 67-86 167-180 166-174 0 0 0 No
G44.05 178-188 45-48 79-82 166-179 174 - 196 0 0 0 No
'G44.06 114-121 2.9-3.1 74-94 172 - 184 169-176 0 0 NAZ No -
G44.08 4795-4829 13.6-13.7 80 338-375 329-357 0 0 0 No
G44.09 1533-1600 17.4-18.2 81-91 1737-1842 | 1607 - 1741 2 3 1 Low’
G44.10 1550-1593 17.6 - 18.1 84-91- 1755-1810 | 1588 - 1798 2 3 1 Low
G44.11 935 - 1640 10.6 - 18.6 85-99 1738 - 1800 | 1652 -1762 | 1 0 1 Low
G44.12 950-1000 10.8-11.3 75-96 1756 - 1813 | 1620 - 1787 2 0 1 Low .
G44.13 1500-1720 17.0-19.5 81-92 - 1771 - 1835 | 1596 - 1781 . 2 2 0 Low
~ G44.14 1600-1720 18.2-19.5 79-90 1703-1813 | 1664 - 1776 2 1 1 Low
G44.15 200-230 1.3-1.5 52-82 125-146 159 - 178 0 0 0 No
G44.17 33-35 0.8-09 74-79 1331-1461 | 1340-1385 0 0 0 No
G49.01 3600-3650 | 40.8-41.4 69 -73 323-349 337 - 351 10 10 10 High
G54.01 300-430 13.6-19.5 71 -83 1485 - 1532 | 1481 -1526 1 10 10 High
G54.02 440 5 87-92 77-107 78 - 82 8 4 4 Low
G54.03 490 22.2 75-71 2435 - 2650 | 2547 - 2697 3 3 3 Low
G54.04 560-570 14.3-14.6 _80-85 1518-1598 | 1515 - 1543 0 0 0 No
G56.01 470-484 112.0-124 81 - 83 2240 - 2287 | 2478 - 2604 4 -0 0 No
G56.02 440 5 87-91 76 - 87 66 - 69 8 4 4 Low
G56.03 470-481 112.0-123 81-82 2291 - 2371 | 2465 - 2617 4 0 0 No
G57.01 2280-2320 | 25.9-26.3 67-74 197 - 271 180 - 222 0 0 0 No
G58.01 1400 35.7 72-78 76 - 147 111 -138 8 4 4 Low
G58.02 1200 7.7 49 - 50 95 - 105 95 -102 10 17 7 High
G59.01 320-350 8.2-89 72-78 1399 - 1409 | 1381 - 1407 1 2 2 " Low
 G59.02 2750-2800 |31.2-318 80 - 82 174 - 193 173-190 4 4 4 Low
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Table 3-2.

Test Conditions for JOG Gate Valves (6 Pages)

JOG Flow . . Number of DP Strokes
Test Flow Rate | Rate (ft/s) T Fluid Close DP Open DP Prior to Between Between | o Dll(’_
M | 0S| Gt | em | 09 |0 | paine e | Brcine | Seona | SRS
No. valve size) (2 years) and Second | and Third
Tests Tests .
151800 — : . : - i
G60.01 | 120000 Ib/hr - 34-403 540 - 546 944 -1033 | 952-1033 10 8 6 High
G60.02 | 37713 Iby/hr 60.1 532 812 - 898 792 - 953 24 17 24 High
G60.03 | 27410 Ib,/hr 45.3 528 610 - 813 831 - 867 18 18 NA* High -
G60.04 | 184000 Ib,/hr | 422 543 924-1020 | 959-1029 0 10 6 High
G60.05 | 27500 Ib,/hr 274 | 583-585 843 - 923 898 - 924 0 8 0 No
G60.06 | 27410 lb,/hr 45.3 528 - | 749-776 | .832-870 24 18 NAZ High
G63.01 961-1155 |10.9-13.1 78 - 86 157 -176 155 - 166 0 0. 0 ] -No
G63.02 800 - 820 0.1-9.3 84 -85 242 - 286 239 - 285 0 0 0 No
G63.03 | 3550-3630 |22.7-232 81-96 203 - 245 193 - 213 8 2 NAZ Low: |
G63.04 "60-108 | 07-12 46-72 169 - 197 184 - 195 0 0 0 No
G63.05 | 3400-3600 |38.6-40.8 90 164 - 183 152 - 161 0 0 0 No
G63.06 3600 40.8 90 137-173 141 - 154 0 4 0 - No
G65.01 401 - 474 2.6-3.0 73 - 86 106 - 119 99-111 4 1 1 Low -
G65.02 | 3570-3600 -] 22.8-23 9 194 - 241 193-218 8 2 NAZ Low
G69.01 | 3300-3310 21.1 84 -99 196 - 245 196 - 224 0 0 0 No
G69.02 565 6.4 67-73 131-171 174 - 193 4 4 0 Low
G69.03 584-620 | 26.5-28.1 75 - 120 2794 - 2845 | 2704 - 2827 8 0 0 - No
G69.05 370 - 464 94-11.8 80 - 83 1167 - 1314 | 1381 - 1475 4 0 2 Low
G69.06 | 1500-1540 {17.0-17.5 74 1543 - 1586 | 1483 - 1579 3 1 1 Low
G69.07 134 - 215 6.1-9.8 80 - 92 2592 - 2798 | 2648 - 2772 0 0 0 No
G69.08 [ 1785-2280 | 5.1-6.5 92 - 108 158- 185 150 - 182 9 2 0 Low
G69.09 640 7.3 104 1180 - 1314 | 1251 - 1276 2 0 NA* “No
G69.10 565-580 | 25.6-263 68 - 83 2459 - 2782 | 2522 - 2783 3 2 2 Low
G69.11 490 222 62 - 77 2509 - 2672 | 2575 - 2671 0 0 0 No
G69.12 | 3080-3635 |12.6-14.8 79 - 84 215 -314 209 - 238 0 0 0 No -~
G69.13 11500 32.6 80 369 - 391 336-367 ° 0 0 0 No -
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Table 3-2. Test Conditions for JOG Gate Valves (6 Pages)

JOG Flow R Flow Fluid Number of DP Strokes P
ow Rate ui
Test “(gpm or l}:::efif:;/:) Temperature Close DP -Opel, DP | prior to Between Between Stroking
Matrix Iabeled) nominal °F) (psig) (psig) Baseline Test Baseline Seconfi Class®!
No. valve size) @ years) and Second | and Third
: Tests Tests
G69.14 2520 - 2730 40-43 | 84-92 73 - 80 73-75 2 2 2 Low
G75.01 3300-3500 |21.1-22.3 74 - 87 199 - 251 195 - 207 0 0 0 No
'G75.02 3200-3250 |20.4-20.7 78 - 85 190 - 220 164 - 191 4 4 0 Low
G75.03 570 - 580 14.6 - 14.8 80 - 90 1509 - 1577 | 1501 - 1551 0 0 0 No
G75.06 1450- 1480 | 16.5-16.8 70 - 75 1532-1596 | 1530 - 1599 2 .5 0 Low
| G75.07 125 -127 14 77 - 100 70-168 -| 161-174 .0 2 0 Low
G75.08 1899-2463 |. 54-7.0 97-107 159 - 185 156 - 182 0 0 - 0 - No
G75.09 480 - 485 21.8-22.0 77 2562 - 2723 | 2585 - 2701 -0 0 - 0 No
G75.10 2499 - 2556 4.0-4.1 87-91 71-79 69 - 78 2 2 2 Low
G75.11 .| 5400-6000 | 11.3-12.5 104 - 108 120 - 140 116 - 126 0 0 0 No
- (G79.02 200 - 0.6 182 -193 301 - 331 296 - 342 . 0 2 1 Low
G83.01 145 - 148 6.6-6.7 | 83 -87 1215 - 2664 | 2620 - 2666 0 1 2 Low
(G83.02 450 - 470 11.5-12.0 79 - 80 2442 - 2688 | 2458 - 2567 1 1 1 Low
'(G83.03 600 15.3 84 - 85 1583 - 1664 | 1561 - 1641 0 0 0 No
G85.01 580 - 590 14.8 -15.1 76 - 80 1553 -1641 | 1534 - 1554 0 0 0 No
G88.01 1990-2100 | 12.7-13.4 55-72 57-71 58 - 60 1 8 4 Low
G88.03 4000 11.3 62 - 67 40 - 56 39-53 9 10 10 High
G89.01 1212 - 1380 7.7-8.8 51-75 93-115 86 18 10 11 High
G89.02 479 - 480 12.2-12.3 72-85 192 - 230 305 -344 16 16 8 High
'G89.03 1560 - 1780 44-50 58-173 127 - 136 129 - 135 4 4 4 Low
G91.05 850 - 882 9.6 -10.0 65 - 83 91-193 84-114 0 0 6 No
G91.06 3000 38 95 - 225 366 - 378 359 - 363 1 0 0 No
G92.01 8200 - 8300 | 10.3-10.5 77 -84 318-324 |- 318-323 60 35 24 High
G92.02 9000 11.3 85-90 352-363 | 343-355 0 4 NAZ Low
G92.03 200 9.1 68 - 74 1315-1379 | 1225-1315 5 10 - 10 High
G96.01 6000 24.5 56 - 64 342 - 389 330-375 0 0 0 No
G96.02 6000 24.5 56 - 64 340-409 |- 335-380 0- 0 0 No
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3-65




Table 3-2. Test Conditions for JOG Gate Valves (6 Pages)

- JOG Flow Rat Flow Fluid ) _ Number of DP Strokes P
ow Rate ui :

Test (gpm or ]}:at:efif:z/:) Temperature Close DP Open DP Prior to Between Between Stroking
Matrix Iabeled) nominal (F) (psig) (psig) Baseline Test Baseline Secon.d Class?

No. valve size) ( years) and Second | and Third

Tests Tests
G98.01 | 15400 - 15478 | 24.6 - 24.7 70 - 85 247 - 250 NA 12 14 14 High
G99.01 500 27 - 70 - 80 289 - 297 300-316 24 24 17 High
G99.02 500 22.7 70-177 290 - 300 303 -317 24 24 12 High
G99.03 2285-2505 |25.9-284 128 - 137 561 - 580 555-578 0 0 0 No
G99.04 1800 -2400 | 20.4-27.2 80-139 574 - 604 566 - 610 0 3 2 Low
G99.05 2622 - 2625 29.8 87-135 573--583 [. 563 -587 0 0 NA* No -
G99.06 4100 46.5 77 - 80 126 - 134 117-127 0 0 0 No
G99.07 500 32 50 75-108 75-76 0 0 0 No
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Table 3-3. Anchor/Darling Double Disk Gate Valves Evaluated for Hard Seating

JOG Test Pressure Average DP at
Matrix Size Class Disk Initial Wedging
No.2 | (inches) |  (Ibs) Fluid Orientation®* (psi)
G54.01 3 1500 treated/closed loop LWD 1507
water :
G54.02 6 150 treated/closed loop 82
water
G54.03 3 1500 reactor coolant water LWD 2587
G54.04 4 900 reactor coolant water LWD 1543
(G56.01 4 1500 reactor coolant water LWD 2266
G56.02 6 150 treated/closed loop 78
water :
(G56.03 4 1500 reactor coolant water LWD 2328
G57.01 6 300 treated/closed loop LWD 234,
. water
G58.01 4 300 treated/closed loop LWU 17
water -
(G58.02 8 150 untreated water LWD 98
G59.01 4 900 feedwater LWU 1404
(G59.02 6 300 reactor coolant water 186
G60.01” | 10 600 steam LWD NA
G60.02 4 900 steam LWU 877
G60.03 4 600 steam 712
G60.04 10 900 steam LWD 975
G60.05 4 600 steam 889
G60.06 4 600 steam 763
G98.01 16 300 treated/closed loop LWD 248
water

2 All valves have Stellite disk and seat faces except G98.01 which has Deloro 50 disk and seat faces.
* LWD is lower wedge downstream. LWU is lower wedge upstream. Orientation is not known for G54.02,

(G56.02, G59.02, G60.03, G60.05 and G60.06.

% G60.01 is limit switch controlled for its closing stroke and does not hard seat. Accordingly, no data from this

valve is used.
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Table 3-4. Aloyco Split Wedge Gate Valves Evaluated for Hard Seating

JOG Test Pressure | Average DP at

Matrix Size Class Disk - Initial Wedging
No.® | (inches) | (Ibs) Fluid Orientation’’ (psi)

G63.01 6 150 treated/closed loop MDU | 162
water . |

(G63.02 6 300 reactor coolant water 270

G63.03 8 300 reactor coolant water MDU 217

G63.04 6 150 reactor coolant water MDD 185

G63.05 6 300 reactor coolant water 168

G63.06 6 300 reactor coolant water | , 140

G65.01 - 150 treated/closed loop ' 12
water

G65.02 8 300 reactor coolant water MDU 207

26 All valves have Stellite disk and seat faces.
- ¥ MDD is male disk downstream. MDU is male disk upstream. Orientation is not known for G63.02, G63.05,
G63.06 and G65.01.
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. Table 3-5. DP Strokes Performed Between Valve Disassembly/Reassembly and JOG
Baseline Test

JOGTest | Dateof JOG Date of Valve No. of DP Strokes Between
Matrix No. Baseline Test Disassembly Valve Disassembly/Reassembly
& JOG Baseline Test
G06.02 12/99 12/99 0
G20.01 10/97 10/97 0
G22.03 10/98 10/98 0
G22.07 11/99 10/99 1
G22.08 4/95 3/95 3
G22.12 5/98 4/98 0
G22.14 5/98 4/98 0
G22.19 5/97 4/97 0
G22.20 5/97 4/97 0
G22.22 11/97 4/96 6
G27.05 9/98 4/98 2
G27.08 11/97 10/97 2
G27.10 1/97 1/97 0
G32.01 1/98 10/97 0
G32.02 10/97 10/97 0
G32.04 12/98 11/98 0
G44.05 5/98 4/98 0
G44.06 11/98 11/98 0
G44.09 10/97 9/25/97 0
G44.10 10/97 10/97 - 0
G44.11 11/99 4/9/98 0
G44.12 4/98 4/9/98 0
G44.13 3/97 3/97 0
G44.14 3/97 3/97 0
G49.01 3/97 3/97 2
G59.01 4/98 3/98 0
G60.01 7/99 5/99 1
G60.02 11/95 93 24
G60.05 4/94 6/93 0
G69.02 4/99 6/97 4
G69.03 11/98 11/98 0
G69.13 2/97 2/97 0
G75.02 4/99 12/97 4
G75.09 5/99 5/99 0
G83.03 11/97 11/97 0
G85.01 3/95 2/95 0
G91.06 1/98 12/97 0
G92.01 8/98 96 60
G92.02 4/01 4/01 0
G99.05 5/00 4/00 0
MPR-2524-A
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Figure 3-1. Examples of Parasitic Load Behavior in Gate Valves
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Figure 3-17. Close Valve Factors for Gate Valves with Stellite Seats in Hot Treated Water
Systems and Tested in Cold Treated Water (Disassembled)
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Figure 3-21. Close Valve Factors for Gate Valves with Stellite Seats in Steam
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Figure 3-22. Open Valve Factors for Gate Valves with Stellite Seats in Steam
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Figure 3-23. Close Average Valve Factors for Gate Valves with Stellite Seats in Steam
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Figure 3-24. Open Average Valve Factors for Gate Valves with Stellite Seats in Steam
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Figure 3-29. Close Valve Factors for Gate Valves with 400 Series Stainless Steel Disk and
Stellite Seat Ring Faces
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Figure 3-30. Open Valve Factors for Gate Valves with 400 Series Stalnless Steel Disk and
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Figure 3-31. Change in Coefficient of Friction (COF) versus Initial COF for Gate Valves with
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Figure 3-33. Open Valve Factors for Gate Valves with 400 Series Stainless Steel (or Exelloy)
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Figure 3-34. Change in Coefficient of Friction (COF) versus Initial COF for Gate Valves with
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Figure 3-36. Close Guide Valve Factors for Gate Valves with Carbon Steel Disk vs.
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Figure 3-37. Open Guide Valve Factors for Gate Valves with Carbon Steel Disk vs.
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Figure 3-38. Open Guide Valve Factors for Gate Valves with Stellite Disk vs. Carbon Steel
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Figure 3-41. Open Guide Valve Factors for-Gate Valves with 300 Series Stainless Steel Disk
vs. 300 Series Stainless Steel or 17-4PH Stainless Steel Body Guides
MPR-2524-A '

3-105



1.00

0.90

0.80

0.70

0.60

0.50

Valve Factor

0.40

0.30

Valve Factor Trend toffrom Adjacent Test

----------- Hot Water / Steam @ . 300 SS Disk vs..CS Body Guides (No Maintenance)
— steady
% increasing
G99.04 S~~~  decreasing
R >0 i
----------- 'Y
G99.03
........ 7.'""""“------.. casserensl
B1 B2 81 S2 T T2

Test & Stroke No.

Figure 3-42. Open Guide Valve Factors for Gate Valves with 300 Series Stainless Steel Disk
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Figure 3-45. Valve Factors at 1st and 2nd Initial Wedgihg Points for Anchor/Darling Double
Disk Gate Valves ‘
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Figure 3-46. Changes in Valve Factor Between Tests at 1st and 2nd Initial Wedglng Points
for Anchor/Darling Double Disk Gate Valves
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