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Abstract

The 2000 Symposium on Valve and Pump
Testing, jointly sponsored by the Board on
Nuclear Codes and Standards of the
American Society of Mechanical Engineers
and by the U.S. Nuclear Regulatory
Commission, provides a forum for
exchanging information on technical and
regulatory issues associated with the testing
of valves and pumps used in nuclear power
plants. The symposium provides an

il

opportunity to discuss the need to improve
that testing in order to help ensure the
reliable performance of valves and pumps.
The participation of industry represent-
atives, regulatory, and consultants ensures
the discussion of a broad spectrum of ideas
and perspectives regarding the
improvement of testing programs and
methods at nuclear power plants.
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Disclaimer and Editorial Comment

Statements and opinions advanced in the
papers presented at the Sixth NRC/ASME
Symposium on Valve and Pump Testing are
to be understood as individual expressions
of the authors and not those of either the
American Society of Mechanical Engineers
or the U.S. Nuclear Regulatory Commusston.

X

The papers have been copy edited and
recast into a standard format. By
consensus, English units have been used as
an expression of current industry practice
with metric units also indicated where
possible.
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Pumps, Dumps, and Political Humps

Comimissioner Greta Joy Dicus
U.S. Nuclear Regulatory Commission

The changing environment at the U.S.
Nuclear Regulatory Commission (NRC)
continues to influence everything we do.
The NRC has become more open and
more willing to move away from our more
traditional approaches to regulation and
instead of asking “Why?”, the NRC is
asking itself “Why not?” Of course, public
health and safety remains our guiding
mission but we realize that there may
better, more efficient, and more effective
ways of helping to ensure safety.

One need only look at some of the recent

Commission actions relating to inservice
testing of pumps and valves, inservice
inspection of piping, and consensus
standards to see that the Commission and
staff are, at the least, committed to new
thinking. And while sometimes our efforts
toward regulatory reform are aided by, or
the result of, more direct political pressure,
political pressure in other areas can slow
down some of the regulatory process such
as licensing of a high-level waste
repository.

NUREG/CP-0152, Vol. 3



The ASME/NRC Working Relationship for the Benefit
of the Nuclear Industry

Robert E. Nickell
President, ASME International

ASME International is a standards de-
velopment organization (SDO) responsible
for nuclear codes and standards important
to the economic viability of commercial
nuclear power plants and ancillary
equipment, and for the related health and
safety of the general public. The U.S.
Nuclear Regulatory Commission (NRC) is
the federal regulatory agency responsible
to ensure adequate protection of public
health and safety from the use of nuclear
materials, including commercial power
production and the transport, storage, and
disposal of nuclear materials and waste.
The relationship between the two organi-
zations has been active and beneficial for
almost 30 years, since the creation of the
NRC in 1974.

More recently, as the result of Public Law
104 —113, the National Technology and
Transfer Act of 1995, and as the result of
the revision of the Office of Management
and Budget (OMB) Circular A—119, the
working relationship has become some-
what more formalized. PL 104—113
requires federal agencies to participate in
the development of appropriate standards,
such as the ASME Boiler and Pressure
Vessel Code, Sections III and XI, and to
use those standards as a part of the
regulatory process. The OMB circular
provides guidance in both regards.

NRC staff participation in the ASME
codes and standards technical and
consensus bodies has been, and continues

to be, extensive, even in this era of
resource constraints. And even though the
commercial nuclear power business has
matured in the past 30 years, codes and
standards activity has diminished only
slightly and, in some cases, has actually
increased. Two such cases come to
mind—first, standards activity related to
risk-informed regulation, and second,
modifications of existing standards to
reflect the extended licensing period of
operating reactors from 40 to 60 years.
Both of these activities are of extreme
economic importance to the continued
viability of the commercial nuclear power
option to U.S. utilities.

These issues are explored in some detail in
the paper, with the conclusion that, while
the current working relationship is
valuable, an improved format could be
even more beneficial to the nuclear power
industry. It is proposed that a steering
committee, composed of the Vice
President, ASME Board on Nuclear Codes
and Standards, and the ASME Staff
Director, Nuclear Codes and Standards,
supplemented by other appropriate ASME
nuclear codes and standards volunteers,
meet with the NRC Standards Executive,
and other appropriate members of NRC
staff, to address technical issues relevant to
ongoing activity. Representatives of the
Nuclear Energy Institute (NEI) and EPRI
may wish to have observer status at these
technical discussions. These technical dis-
cussions would be intended to supplement

NUREG/CP-0152, Vol. 3
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the current administrative meetings improve the existing working relationship
between ASME and NRC. Implementation and would provide even more benefits to
of this proposal would be anticipated to the nuclear power industry as a whole.
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Future Trends in Nuclear Codes and Standards

John Ferguson
ASME Vice President, Nuclear Codes and Standards

The purpose of this presentation is to
provide information on the changing
nuclear power industry and on the plans of
the American Society of Mechanical
Engineers (ASME) for meeting these
anticipated changes. The presentation
provides a review of the forces impacting
the nuclear industry and how these forces
impact the use and development of ASME
codes and standards for the nuclear
industry.

The industry is rapidly changing due to cost
pressures, industry reorganization and
continuing public pressure from some parts
of society to shutdown of the facilities. In

this rapidly changing environment, it is
critical to anticipate the nuclear power
industry needs, provide appropriate codes
and standards to meet these needs and
provide historical needs for providing
public safety.

This presentation identifies the goals of the
ASME Board on Nuclear Codes and
Standards focused in the three areas of
purpose, people and process. These are the
critical ingredients needed to deliver
relevant codes and standards that
incorporate the best operating experience
and technological advances.
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The Changing Regulatory Environment
and Its Impact on Codes and Standards

John W. Craig, Assistant for Operations
Office of the Executive Director for Operations
U.S. Nuclear Regulatory Commission

The U.S. Nuclear Regulatory Commission
(NRC) and nuclear regulatory environment
have undergone significant changes in the
past few years and more changes are
expected in the future. In this presentation,
some of those changes (e.g., the new
reactor oversight process, risk-informed
licensing actions, revisions to NRC
regulations, and the role of voluntary
industry initiatives) are discussed. The
presentation also discusses the driving
forces for these changes and their
implication for codes and standards
activities. Of particular interest is the
NRC’s new performance-based budgeting
process that aligns resources with activities
that contribute the most to achieving the
agency’s strategic goals of maintaining
safety, reducing unnecessary regulatory

burden, increasing efficiency and effective-
ness, and improving public confidence. The
presentation suggests cooperative actions
between the NRC, the nuclear industry,
and codes and standards bodies that can
help to optimize codes and standards and
regulatory activities. Challenges for the
NRC and ASME in light of the changing
regulatory environment, such as limited
resources and the need for timely review of
codes and standards, are also discussed. In
conclusion, the challenge posed to the
consensus standards community in this new
regulatory environment is to develop and
revise codes, standards, and guides to be
endorsed by NRC, and implemented by the
industry, that meet the strategic needs of
all stakeholders.

This paper was prepared by staff of the U.S. Nuclear Regulatory Commission. [t may present information that does not currently represent
an agreed-upon NRC staff position. NRC has neither approved nor disapproved the technical content.
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Reactor Safety in a Risk-Informed, Competitive
Environment—the Human lflement

John Groth, Chairman
ASME Committee on Operation and Maintenance of Nuclear Power Plants
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Success Revisited—Solvin

Performance Problems
Using Nozzlecheck Valves

Gregg Joss—Rochester Gas & Electric, Ginna Station, Inservice Test Coordinator
Jim Zulawski—Rochester Gas & Electric, Ginna Station, Performance Monitoring Supervisor

Abstract

For 24 years, Rochester Gas & Electric’s
Ginna Nuclear Power Plant had conven-
tional swing check valves installed in its
Component Cooling Water (CCW) and
Service Water (SW) systems which resulted
in persistent system problems when valve
disk “slamming” occurred during valve
cycling. These check valves are located at
the discharge of the CCW and SW pumps
and are in parallel configurations. During
routine pump swaps, the valves closed
violently when flow reversal occurred. This
presentation describes the role the
nozzlecheck replacement valves played in
achieving a permanent and highly
successful problem resolution.

Introduction

Swing type check valves were originally
installed in Ginna’s CCW and SW systems
at the discharge of the parallel configured
pumps. Signs of excessive force from swing
check valve “slamming” and inappropriate
valve application were manifested as:

1) CCW System

« Grout cracking beneath the CCW
pump/motor concrete pads and base

» Damage to motor electrical power
cable

2)

1A-1

Abnormally high pump and motor
vibrations caused by induced
misalignment between the CCW
pump and motor

Support system pressure gauges and
switches frequently found “out-of-
tolerance” during periodic
calibrations

Delays in valve “prompt closure”
resulted in inadvertent auto-starts
of the standby CCW pump

Delays in valve “prompt closure”
often resulted in difficulty passing
quarterly ASME Section XI check
valve exercise/closure tests

Cracked valve seat surfaces

CCW heat exchanger tube fretting

SW System

SW heat exchanger tube failures
corresponding to SW pump cycling
activities (Containment Recirc-
ulation Fan and Motor Coolers,
Standby Auxiliary Feedwater Pump
Room Coolers)

Excessive SW header piping
displacement (> /g inch)

Poor parts availability from the
valve manufacturer forced use of
customized parts

NUREG/CP-0152, Vol. 3
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Investigation Technical Approach

1) Ginna Station Design and Technical

[14 T 0_?7 . A
1) To resolve the “slamming” problem, a Engineering personnel prepared for a

means of controlling reverse flow,
ensuring prompt closure and dissipating
the energy emitted from the rapid
closure was necessary. The following
investigation activities took place in an
attempt to identify potential corrective
action(s)

» Explored various replacement type
check valve designs (swing, lift,
nozzle, piston, tilting disk)

DESIGN | OPERATING
» Visited Calvert Cliffs which already Flow Rate (gpm) 2980 600 — 2750
had nozzlecheck valves installed in Pressure (psig) 150 78 — 90
the Brine Water (a.k.a. Service Temperature (°F) 200 70 - 120

Water) and Safety Injection (SI)

2)

new style replacement valve by:

+ Testing the existing swing check
valve and CCW piping by
monitoring test parameters with
instrumentation sensitive enough to
detect pipe deflection, pressure
surge spikes and pipe strain.

Comparing the CCW system design and
operating performance parameters:

systems. 3) Obtaining swing check valve test data
during CCW pump activations:
At that time, Calvert Cliff
g the osly g;l:nt i?l ZE; s was NOTE 1: The actqal CCW test was
United States to have nozzle v1c}eotaped to provide audio and visual
checks installed in safety related evidence as well.
systems. NOTE 2: Testing was repeated three
times for statistical validation.
> The SI application solved very . . . Ny
severe Hilte bolts/support é‘%g}éafg E)%lg ¢ displacement (in)] =
degradation problems induced ) )
by check valve slamming events. + Transducer [pressure surge spikes
(psig)] = 1600—1800 (> 10 times
» Conducted in-depth discussions expected design magnitude, very
with various industry valve experts brief spikes)
such as: » Strain Gauge, [pipe strain (in/in)] =
not detectable
g ?II\lIIIC (I:czarririldustry Check Valve 4) Using a matrix evaluation model to
sroup evaluate and assign weighting factors to
> ASME various objectives and potential
> USNRC solutions.
> Multiple Engineering  The intent of the matrix is to
consultants optimize relationships between cost/
> Numerous valve manufacturers benefit, risk and payback period.
NUREG/CP~-0152, Vol. 3 1A-2
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)

Reviewing the “as-found” system
isometrics, preparing for differences in
replacement valve characteristics.

Existing Replacement
Swing Check | Nozzlecheck
Length, end-to-end 19% 17
(inches)
End configuration Butt Weld Flanged
Weight (pounds) 235 176
Flow Coefficient (Cv) 1755 1694
Seismic, Center of 6 0
Gravity (Cg, inches
from pipe centerline)

6)

7)

8)

Reviewing hydraulic flow models,
preparing for differences in
replacement valve Cv.

Reviewing pipe stress models,
preparing for differences in
replacement valve weight and Cg.

Evaluating acceptability of vertical
orientation of the CCW swing check
valve.

Final Decision

1)

A decision was made to install

nozzlecheck valves in the CCW and SW

systems.

Valve Installation/Testing

1

2) Post-installation performance testing of
the new valves using the same sensitive

Installation of flanges and nozzlecheck
valves went as planned.

instrumentation was not warranted
based on their smooth, silent, and
virtually “slam-free” operation.

3)

CCW and SW pump activations were
videotaped to provide before and after
COmparisons.

Conclusions

)

2)

1A-3

Installation of the nozzle check valves
first in the CCW system and later that
same year (1994) in the SW system, has
totally solved all reverse flow and
“slamming” problems.

Other notable post-installation points
of interest include:

+ Inthe NRC’s 1994 RFO on-site
inspection report, Ginna was
recognized for “good initiative and
long term resolution of a long
standing problem.”

+ All six nozzlecheck valves are fully
capable of being tested during plant
operation which allowed elimina-
tion of a Ginna Station IST
Program, NRC Cold Shutdown
Relief Request.

» An Operator “work-around” was
eliminated since the CCW pump
control switch no longer needed to
be held to the “off” position for
5 seconds after securing the pump
(afforded sufficient time for the
pressure spike to dissipate without
auto-starting the just secured pump).

« Emergent problems with SW
nozzlecheck valves:

> Valves close so tightly that a
vacuum forms as the valves close
and water attempts to flow back
down into the screen bay
(~ 16 feet) to existing lake level.
Resultant pump packing
consolidation actually caused

NUREG/CP-0152, Vol. 3
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shaft wear (grooves) and
required installation of
individual vacuum breakers on
pump side of the valve.

> There have been no recurrences
of the shaft wear since the
vacuum breakers were installed.

3) Following five years of continuous

operating service, one CCW and three
out of four SW nozzlecheck valves have
been removed and inspected to assess
valve wear and overall condition.
Inspection results:

+ V-723B—CCW Pump “B”
Discharge (March 1999)

> 100% freedom of movement
No evidence of seat or internal
valve wear, valve plug and seat
condition described as “like new”

> No evidence of degradation
internal or external to the valve

> Preventative Maintenance (PM)
frequency extended from 5 years
to 7 years

* V-723A—CCW Pump “A”
Discharge (N/A)

Based on results of V—723B PM
inspection, V—723A PM inspection
deferred to 2001 and frequency
extended from 5 years to 7 years.

s V—-4601—SW Pump “A” Discharge
(February 1999)

100% freedom of movement

No evidence of seat or internal
valve wear, valve plug and seat
condition described as “like new”
> No evidence of degradation
internal or external to the valve

> Cleaned inner body walls
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*  V—-4603—SW Pump “C” Discharge
(February 1999)

100% freedom of movement

No evidence of seat or internal

valve wear, valve plug and seat

condition described as “like new”
> No evidence of degradation

internal or external to the valve

> Cleaned inner body walls

*  V—-4604—SW Pump “D” Discharge
(January 2000)

100% freedom of movement

Lapped seat and disc to obtain
360° positive contact [valve is
not a Category A IST component]
> Replaced all 3 disc springs as a
preventative measure

> Cleaned inner body walls

» Preventative Maintenance
frequency (5 years) not changed for
V—-4601, V—-4603 and V4604 due
to evidence of sludge buildup on
inner valve body walls caused by
“raw water” (Lake Ontario) service
environment. This condition did not
affect valve performance.

V—4602—SW Pump “B” Discharge slated
for inspection ~ September 2000.

Future Nozzlecheck Endeavors at
Ginna Station

1) Based on current problems with swing
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check valves located in the steam
supply lines to the Turbine Auxiliary
Feedwater Pump (sluggish and often
incomplete closure, large backstop
slam and excessive corrective mainte-
nance), a modification to replace these
valves with normally closed nozzle-
check valves will be performed during
the September 2000 Refueling Outage.
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2) Efforts to improve check valve consideration of nozzlecheck valves as
performance (i.e. back leakage) in the potential problem solvers.
Safety Injection system include
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Investigation of High Lift Phenomenon in Dresser 3700
Series Main Steam Safety Valves

William J. McBrine and Thomas Esselman, Altran Corporation
John Hosler, EPRI
Steven Hart, South Texas Project

Abstract

Several studies have been performed in
recent years to investigate a phenomenon
of high initial (as-found) lift test pressure
in dresser 3700 series Main Steam Safety
Valves in nuclear power plants. Building on
the result of previous investigations, new
investigations have been performed to
better understand the cause of sticking and
lead into other corrective action options.

The objective of this paper is to present the
results of new laboratory investigations and
other identified industry trends associated
with sticking valves. This information is
intended to help identify potential
corrective action considerations.

Background

The ASME code requires periodic testing
of the main steam safety valves (MSSVs) in
pressurized water reactors to confirm valve
operability and valve opening within the
designated Technical Specification set
point tolerances. The set point tolerance is
in most cases =3%, depending on each
plants unique specification. Several nuclear
power plants with Dresser 3700 series
Main Steam Safety Valves (MSSVs) have
reported that the in-situ “as found” test
pressure exceeded their set pressure
tolerance. The initial lift, or first “pop,”
has been reported to exceed the valves set

1A-7

pressure by up to 7% and occasionally
higher. In a few cases, the valve failed to
open when the in-situ lifting device was
applying maximum load. In these cases, it
is unknown to what extent the valve was
beyond its set pressure tolerance. In most
cases, following the first pop the valve set
pressure is reported to return to within the
set pressure tolerance.

A sectional view of a Dresser 3700 series
main steam safety valve is shown in Figure
1. As seen in this figure, the valve features
a disk that is seated against a seat bushing,
referred to as a nozzle. A stem holds the
disk in place, and a spring that applies a
preload to the stem holds the valve closed
until the internal system pressure
overcomes the spring force at which time
the disk lifts and the valves relieves system
internal pressure.

The valve disks are manufactured of an
A422 martensitic stainless steel and the
nozzle is an A316 or A347 austenitic
stainless steel. Figure 2 shows details of the
disk-nozzle region.

Observations and Conclusions from
Previous Investigations

Previous investigations of the performance
of these valves were performed for several
nuclear utilities including a significant
effort sponsored by Pacific Gas and
Electric Company [1]. The objective of the

NUREG/CP-0152, Vol. 3
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work presented in this paper is to build on
previous observations and conclusions.

The results of the previous metallographic
examinations, valve testing, and finite
element analyses provided insight into the
phenomenon. The following observations
and conclusions were documented:

1. There is clear forensic evidence of a
mechanical transfer of material from
the nozzle to the disk. Scanning
Electron Microscope (SEM) images are
shown in Figures 3 and 4.

(S

The smeared, elongated configuration
of these “scars” reflects a relative
disk-nozzle movement in the radial
direction.

3. There is significant relative radial
displacement between the disk seat and
the nozzle seat during heat-up and
upon cool down. The primary cause of
the relative displacement is the
different thermal expansion coefficients
of the disk and nozzle materials and
changes in the nozzle diameter due to
pressurization.

4. The transferred material from the
nozzle to the disk is a result of a
sticking mechanism between the disk
and nozzle. Candidate mechanisms
include microbonding and oxide
locking.

A recommendation was made to install
pre-oxidized Inconel X750 disks as a
replacement for the A422 disk material.
This material was selected because it has a
more favorable coefficient of thermal
expansion that would reduce the amount of
relative displacement between the nozzle
and disk. It is also a highly corrosion
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resistant material. The disks were
pre-oxidized in a steam environment prior
to installation.

Scope of New Investigations

This evaluation was performed to obtain
information to enable a better
understanding of the specific mechanism(s)
and/or cause of valve disk-to-seat sticking.
A high initial lift is considered in this
investigation to be a lift which is at least
2% higher than the subsequent lift. The
scope of work presented in this paper
includes:

Data Collection—Preparation of a
questionnaire and the survey of plants
participating in an EPRI collaborative
effort as well as selected other plants. The
other plants were selected to include those
that have not reported high first lifts. The
objective was to identify trends that would
help in determining root cause.

Analysis of Additional Disks—Additional
disks representing a wide range of in-plant
initial lift performers were obtained and
examined in the laboratory. These
examinations were intended to increase the
population of examined disks and to be
specifically focussed on the oxides at this
interface.

Destructive Examination of a Nozzle—A
matching disk and nozzle set was
destructively examined in the laboratory in
an effort to understand how they interface
and bond.

Laboratory Examination of an X750 Disk—
An Inconel X750 disk removed from
service was destructively examined in the
laboratory for comparison to the A422
disks.

1A-8
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Survey and Data Collection

Questionnaire

The results from the questionnaire,
including telephone interviews, are
intended to be integrated with information
from the laboratory analysis to lead to the
development of a root cause of MSSV
sticking. Eleven utilities participated in the
survey representing nineteen operating
units.

The questionnaire consisted of eight
sections and included eighty-seven
questions.

General Plant Characteristics

MSSV Environment

Secondary Side Water Chemistry
Condenser Efficiency/Air In-Leakage
MSSV Testing Methodology

MSSV Maintenance

Post Maintenance Testing

Valve Off-Site Shipping

Survey Findings Summary

For the responding plants which
observed “sticking,” approximately
50% of refurbished valves exhibit high
lifts during in-situ testing conducted
after 30 to 90 days of service. Fewer
valves stick later than this. Exercising
valves during operation appear to
reduce the potentia] for sticking. In a
limited number of cases, sticking has
occurred years after refurbishment—
well after the first lift.

No trends were conclusively identified
that related valve sticking to specific

installation and operating configuration

or parameters, such as set point to
operating pressure differential,
in-service valve vibration, or feedwater
chemistry.

No trends were identified that related
valve sticking to environmental factors
such as ambient temperatures,
humidity, degree of shelter, or
amount/type of insulation.

Plants that have not experienced valve
sticking generally have performed
infrequent or no valve refurbishments.

Some data indicates that a gray, rather
than mirror finish, may reduce the
potential for sticking. This data,
however, is not extensive and further
study would be required to be
conclusive.

Pre-oxidized Inconel X750 disks have
performed well to date.

Some respondents do offsite “as found”
testing. Although isolated cases may
have occurred, the seat sticking
phenomenon has not been identified as
a significant issue during such testing.
This is possibly because the cooling and
depressurization process during plant
cooldown results in relative movement
between the disk seat and the nozzle
and/or due to seat flexure which could
break the bond.

Within the limits of delectability, no
history of the seat sticking phenomenon
has been identified to date during
actual plant transients, resulting in
MSSV lifts. This could be the result of
relative disk-nozzle movement and/or
flexure during the increased valve
internal pressure which could break any
adhesion.
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Examination of the Nozzle/Disk
Interface

A matching disk and nozzle were examined
to better understand the disk-nozzle
interface and to identify characteristics
associated with disk-nozzle bonding.
Figures 5 and 6 exhibit micrographs of
regions of the disk and nozzle seating
surfaces. The radial scars on the nozzle can
be seen to correspond with the transfer of
nozzle material onto the disks. A higher
magnification optical and SEM
examination was performed of a small
region of the disk and nozzle surfaces.
Figure 7 shows a 4 mil (102 micron) by 30
mil (762 micron) matching section on the
disk and nozzle at the ID edge. The nozzle
shows a free growth region of oxide of 6
mils (152.4 microns) at the ID edge. It is
clear that no disk contact occurs at this
location. The next 6 mils (152.4 microns)
exhibits a densely packed region of oxide
scale. Alternating regions of thick and thin
oxide shows a matching pattern between
the disc and nozzle clearly indicating
adherence between both the disk and
nozzle prior to separation. Broken and
flattened oxides can be seen further toward
the disk/nozzle outside diameter, but they
are not as continuous or as tightly packed.
Oxide chemistry analyses described below
considers the presence of mixed oxides.

Figures 8 shows an image of both the disk
and nozzle seats in the area of scars. The
nozzle clearly shows evidence of pushed
metal deposits with trailing groves. The
disk clearly shows corresponding nozzle
deposits (“scars”) on the seating surface.

The following can be concluded from the
examination of this particular disk and
nozzle set:
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1. The oxide characteristics are greatly
influenced by the disk nozzle contact
pressures and gaps.

2. There are signs suggestive of oxide
bonding between the nozzle and disk
(shared oxide scale), particularly at the
ID edge of the disk and nozzle.

3. The oxide at the ID edge is quite dense
in appearance and may influence the
effective pressure area of the disk
(mean seat area) should it be tight and
continuous enough.

Inconel X750 Disk

Previous Applications

Disks manufactured from Inconel X750
have been successfully utilized at two
plants. The performance reported to date
is favorable with no high lifts occurring. A
preventative program of interim lifts has
been employed as a precautionary measure
with the longest period of continuous
service to date with a successful lift at the
end of the period being 330 days.

However, the usage and service time of
X750 disks has been somewhat limited.
Continued monitoring of performance at
plants that have had a successful history
with X-750 disks and those currently
implementing that option is required.

Comparison of Pre-Service and
Post-Service Seat Surface

Prior to initial service, disks manufactured
from Inconel X750 were non-destructively
replicated in order to baseline the
condition of the seating surface for future
reference. After being in service for
approximately two years, the disks showed
evidence of radial scarring. A destructive
analysis of a disk was performed to analyze
the individual scar material by Energy
Dispersive Spectroscopy (EDS) methods.
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SEM images of the disk surface are
provided in Figures 9 and 10. Figure 10
exhibits an EDS elemental mapping of iron
which indicates the scars to be iron based
(nozzle) material. The amount of scarring
is generally less than typically seen in the
original materials.

Oxide Characterization

As part of the investigation to determine
the cause of sticking of the safety relief
valves, a detailed analysis and
characterization of the surface of selected
disks and a nozzle was performed.

The oxide scale formed on the surface will
be dependent on such factors as oxygen
potential of the atmosphere and
temperature. These factors not only affect
the particular oxide or oxide phases
present on the surface but also the
thickness of the oxide layers. Research has
shown [2] that when austenitic stainless
steels are exposed to air at elevated
temperatures (above 350°F (177°C)) for
two hours, the profile through the surface
appears to have an iron oxide outer layer
below which there is a chromium rich
layer. Figure 11 shows a graph illustrating
the change in composition going from the
outer surface into the base metal of a 304
austenitic stainless steel (graph is based on
data presented in Ref. 2).

Oxide Analyses

The depth profile analysis of contact
surfaces from disks and nozzles was
expected to provide insight into the role of
oxide locking in the sticking of safety relief
valves. The depth profiling can be
performed by various techniques. Auger
Spectroscopy was the method chosen for
the depth profiling. Two methods used in
this study were line scans and selected
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point analysis through a prepared cross
section and the analysis/etching process
described above. In addition, Scanning
Electron Microscopy (SEM) with Energy
Dispersive Spectroscopy (EDS) was used
to examine a cross section through a scar
on a disk.

Line Scans

Line scans were performed for selected
disks. In this method, cross-sections were
cut from the disks in the region of
transferred metal (scarring) and the cross
section was examined using both
SEM/EDS and Auger spectroscopy. Figure
12 shows the SEM micrograph of the
region examined and the line scans for the
elements iron, chromium, nickel, and
oxygen through a scar.

The SEM/EDS line scan through the scar
confirmed the presence of nozzle material
in the scar. Furthermore, the analysis
shows a chromium peak in both the nozzle
material in the scar (outer 0.08 mils

(2 microns)) and in the disk material. The
iron and oxygen rich region between the
two chromium peaks appear to have
resulted from oxide mixing. The volume
analyzed by the EDS technique is of the
order of 0.12 to 0.20 mils (3 to 5 microns)
in diameter. The method could not provide
adequate data on the variation in
chemistry in the oxide areas adjacent to the
scars.

Depth Profiling

A detailed scanning Auger Spectroscopic
analysis of two points on both the nozzle
and disk set was performed. The two points
correspond to damaged oxide areas near
the inside diameter of both nozzle and
disk. The two points were carefully
selected to correspond to the same contact
areas. Thus, Point 1 corresponded to an
area with “thick” oxide layer(s) on the
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nozzle and an area of matching “thin”
oxide layer(s) on the disk. In contrast,
Point 2 corresponded to an area with
“thin” oxide layer(s) on the nozzle and
matching “thick” oxide layer(s) on the disk.
These points are shown in Figures 13 and
14 for the nozzle and disk respectively. In
addition, a non-contact area was analyzed
on both the nozzle and disk. This analysis
was undertaken in order to establish the
characteristics of the non-damaged (free)
oxide that was exposed to steam. This
region is referred to as a region of free
oxide growth.

Figure 15 illustrates the depth profile for
Point 2 on the disk. This point
corresponded to a location with thick
oxide. The profile shows a number of
significant features. There were four
distinct layers observed. The first outer
layer, about 0.5 microns (0.02 mils) deep,
contains iron, oxygen, and nickel and
appears to be FeO with nickel metal. The
second layer contains less iron but some
chromium and no nickel. This layer
appears to be a mixed iron chromium
oxide material and is about 0.02 mils

(0.5 microns) thick. The third layer is very
similar to the outer layer and is about
0.02 mils (0.5 microns) thick. The fourth
layer does not contain nickel. It was not
possible to discern the base metal in the
sample despite etching for a depth of

0.1 mils (2.5 microns).

The depth profile for the disk Point 2 was
combined with the depth profile of the free
disk oxide. The result is shown in

Figure 16. The reference point used was
the initial observation of chromium in the
lower layer. The match between the free
oxide and the damaged oxide region is
excellent below a depth of 0.08 mils

(2 microns). In addition, the region
between about 0.05 mils (1.3 microns) and
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0.08 mils (2 microns) shows an excellent
match between the oxygen and iron levels
for both the iron and the oxygen. However,
in this area there is some nickel. This
element was not observed in the free oxide
and indicates the transfer of material from
the nozzle. Indeed, comparison of the
profile of the outer 0.06 mils (1.5 microns)
of nozzle free oxide, shows remarkable
similarity to the 1-2 micron range
identified in the depth profile of Point 2
(damaged oxide) on the disk. Thus, as
indicated in Figure 16, there is direct
evidence of transfer of nozzle material to
the disk in a region of damaged oxide.

The depth profiling of the oxide scale on
the surface of the disk and nozzle has
illustrated the presence of transferred
nozzle material in a region of damage.
Furthermore, it is shown that the oxide
formed in the non-contact areas of the disk
and nozzle (inside diameter surface) are
similar to the oxide scales formed on the
contact surfaces away from mixed oxide
areas. This data is used to illustrate the
region of mixed oxides on the disk
surfaces.

Results of New Laboratory
Investigations

» Observed that seating surface charac-
teristics vary from disk to disk. This is
partially due to slight variations in seat
contact that can alter crevice electro-
chemical potential, seating stress
profile, and seal tightness.

+ Transferred nozzle material onto the
disks does not always accompany high
initial lifts. No clear relationship
between sticking history, degree of
sticking, and scar density is observed.

+ Evidence suggestive of oxide locking in
the form of mixed oxides and fractured
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oxides is found on A422 stainless steel
disk/nozzle surfaces and is believed to
be a primary factor in sticking.

s Oxide accumulation at the ID edge of
the seat may result in a mean seat area
(MSA) reduction resulting in higher lift
pressures for the first lift. The disk/
nozzle seating interface characteristics
are somewhat variable between disks
based on machining tolerances.
However, on the paired disc and nozzle
set evaluated, a clear area of densely
compressed oxide scale was noted at
the ID edge of the seat. This tightly
packed crevice coupled with the
existence of moisture from conden-
sation of steam on the inside surfaces
could possibly result in an effective
pressure seal, reducing the area
exposed to full steam pressure.

Recommendations

Based on the results of this investigation,
recommendations for additional
investigations and/or mitigating actions are
provided. These are as follows:

Use of Pre-oxidized X750

Based on successful performance to date
and the laboratory examinations
performed of disks removed from service,
the use of pre-oxidized Inconel X750 disk
material appears to be a viable option to
remedy the high lift phenomenon.
However, field experience with this
material is still somewhat limited and
long-term performance has not yet been
demonstrated.

Maintenance Schedule

A strong relationship between the
frequency of maintenance and the
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susceptibility to high initial lifts has been
identified. Accordingly, performance based
MSSV maintenance schedules rather than
time based maintenance is recommended.
The valves should be refurbished only
when required.

Surface Finish

There is some indication that a gray rather
than mirror finish reduces the possibility of
sticking. Although additional confirmation
of this relationship is required, a gray
rather than mirror finish should be
considered.
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STELA SAFETY RELEF VOLVE

Figure 1. Configuration of a Dresser 3700 Series Steam Safety Valve
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DIEK AND NCZZLE DETAIL

Figure 2. Disk and Nozzle Detail
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Figure 3. SEM Micrograph of A Disk Surface Showing Radially Oriented Nozzle Deposits
(field of view 0.0045 in. horizontal)
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Figure 4. SEM Micrograph Cross Section of a Nozzle Deposit on the Seating Surface of a Disk
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Figure 5. SEM Micrograph of Nozzle Seat Surface Near ID Showing Irregular Oxide Pattern
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Figure 6. SEM Micrograph of “Pulled” Oxides Between Matching Locations
on Disk (top) and Nozzle (bottom)

NUREG/CP-0152, Vol. 3 1A-18



NRCIASME Symposium on Valve and Pump Testing

Figure 7. Micrograph of matching nozzle and disk locations at seat OD region (0.004 in wide)
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Figure 9. SEM Micrograph of Nozzle Deposit Material Section on X750 Disk

Figure 10. SEM Micrograph of Nozzle Deposit Material Section on X750 Disk With an EDS Iron Map
on the Right Showing High Iron in the Radial Scars that Confirms that the Scars are
Transferred from the Nozzle

1A-21 NUREG/CP-0152, Vol. 3



NRC/ASME Symposium on Valve and Pump Testing

Amplitude

Ni= ===~

Distance From Outer Edge

Figure 11 Depth Profile of Oxide Scale Formed on 304 Stainless Steel at 350 °F (177°C)
showing Different Zones I through IV (derived from Ref. 2)
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Figure 12. SEM/EDS Line Scan Through Scar
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Figure 13. Scanning Electron Micrograph showing Damaged Oxide near Inside Diameter
of the Nozzle. Examination Points 1 and 2 Shown. (Scalar Bar = 100 microns)

Figure 14. Scanning Electron Micrograph showing Damaged Oxide near Inside Diameter of the Disk.
Examination Points 1 and 2 Shown. (Scalar Bar = 100 microns}
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Figure 15. Auger Depth Profile—Point 2 of Damaged Oxide on Disk
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Figure 16. Combined Depth Profiles of Damaged Disk Oxide (Point 2) and Non Contact
(Free) Disk Oxide
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Check Valve Condition Monitoring at Wolf Creek

Shawn Comstock
Wolf Creek Nuclear Operating Company

Abstract

Wolf Creek was the first nuclear plant in
the U.S. nuclear industry to obtain
permission to use ASME OMa
Code—1996 APPENDIX II as an
alternative to existing inservice testing
program Code requirements. The goal of
this process is to improve or maintain
check valve reliability over the life of the
plant through a blend of test, design, and
maintenance data analysis. Reliability
Centered Maintenance failure mode
effects analysis evaluations and
performance trending are two critical
aspects of a successful program. The
equivalent dollar savings in terms of ALARA
and labor costs alone over the current
planned life of the plant is estimated to be
more than $300,000. An added bonus is
that the up-front costs and uncertainty
associated with a risk-based approach are
avoided, yet this Code is fully compatible
with a risk-based approach.

Implementation of ASME OMa
Code—1996 APPENDIX II can reduce the
overall cost of testing check valves while at
the same time maintaining an equivalent
level of safety assurance. Critical path
testing and disassembly of refueling outage
check valves are two key areas of savings.
One such application is the check valves
included in the Appendix J Option B
(LLRT) program. Although Appendix J
Option B allows the extension of test
frequency based on performance, the
traditional inservice testing program still
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requires closure verification every
refueling outage. Other applications
include check valves that are disassembled
and inspected every outage. Typically these
are high dose jobs which cost outage time
and increase labor costs.

Many check valves must be flow tested
during outage critical path times because
of the nature of their safety function. The
valves used in the demonstration process
were required to be included in one of
these critical path procedures. ASME
OMa Code—1996 APPENDIX II can be
used to determine an equivalent or more
effective means to demonstrate acceptable
check valve performance outside critical
path, resulting in outage critical path time
reduction and ALARA savings.

Introduction

The American Society of Mechanical
Engineers (ASME) Operation &
Maintenance (O&M) Committee
established the Working Group on Check
Valves (WGCV) in 1990. Several
weaknesses in the Code governing check
valve testing were identified by the group.
At that point, they set out to create a Code
that addressed weaknesses including:

+ Code requirement language weakness
+ Rigid time-based activity

« Testing not commensurate with safety
+ System conditions not considered
 Industry failure data ignored.

While correcting these Code deficiencies,
the WGCV also recognized that testing
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methodologies could be improved by
taking advantage of reliability centered
maintenance (RCM) philosophies,
performance monitoring, preventive
maintenance, new technology, and nuclear
industry check valve group (NIC)
developments.

The result of their hard work is ASME
OMa Code —1996 APPENDIX II Check
Valve Condition Monitoring Program. This
portion of the Code is currently endorsed
for use in the latest revision of 10 CFR
50.55a. Figure 1 is a graphic representation
of the Code with NRC restrictions. Refer
to Figure 1 for an idea of how the Check
Valve Condition Monitoring process works.

Implementation at Wolf Creek

Wolf Creek’s implementation of ASME
OMa Code —1996 APPENDIX II Check
Valve Condition Monitoring Program was
reviewed initially by a team of industry
experts and Nuclear Regulatory
Commission (NRC) representatives. The
program was found to be acceptable. The
program initially included four valves to
demonstrate implementation of the
process for a self assessment and
subsequent NRC review. The four valves
selected for the program were the residual
heat removal (RHR) cold leg injection
check valves. These valves were selected
based on data from the Institute of Nuclear
Power Operations (INPO) check valve
program and the importance to the plant
as reactor coolant system (RCS) pressure
isolation valves at the low pressure
interface. The INPO program grouped
these valves in different categories based
on initial engineering analysis.

It was originally thought the program
would be used to take credit for the INPO
check valve reliability program. It was
discovered during the research phase that,
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while using the INPO program is a good
starting point, additional analysis and
documentation is required. Also, the focus
of Wolf Creek’s INPO check valve
program activities was primarily in acoustic
monitoring with disassembly and
examination. The ASME check valve
program can be used to take credit for a
host of other activities such as system
pressure or flow trending, inservice
inspection (ISI) pressure boundary testing
and examination, flow accelerated
corrosion trending, preventive
maintenance activities, ultrasonic
examinations, X-ray examinations, or any
activity that provides insights into check
valve condition. Most of these activities
are already being performed to satisfy
program or operational requirements
outside of the inservice testing program.

Valve implementation priority

Since the initial demonstration phase,
other valves have been added to the
program. Certain check valves are tested
less often than others. Where practical,
check valves are tested quarterly. In many
cases, it 1s not practical to test a check
valve during normal operation. These
check valves are tested on a refueling or
cold shutdown test frequency. This is
typically once every 18 months, or
one-sixth of quarterly-tested check valves.
Valves tested less often in the traditional
inservice time-based testing methods
provide a lower assurance of operational
readiness. Valves tested during cold
shutdowns and refueling outages can
impose a more significant impact on plant
safety and resources than those tested
quarterly. Therefore, the current
implementation scope is limited to those
valves that are tested less often than
others, namely those valves that are tested
less often than quarterly.
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Candidates for the program are chosen
based on test frequency length and known
or potential impact on plant resources. The
amount and type of plant information
available is also a consideration since
valves with certain types of maintenance
and test information are more easily
placed in the program. There are

111 Wolf Creek check valves which are
tested on a cold shutdown or refueling
outage cycle. There are 14 local leak rate
tests, 87 exercise close tests, and

74 exercise open tests. Of the exercise
close tests, seven take credit for the local
Jeak rate tests. Reducing the close tests by
seven, the total number of low-frequency
check valve tests is 168.

Purpose statements

The first task in implementing check valve
condition monitoring on a group of valves
is to identify why valves are being added to
the program. The following text provides
an example:

“The subject check valves are being added
to the check valve condition monitoring
program effective immediately. These
valves are being added to the program in
order to take credit for their historical and
continued acceptable level of test
performance and maintenance history. The
reasons for the acceptable level of
behavior, design characteristics,
application, and service conditions are
documented in the analysis section. The
condition monitoring program activities
and their intervals to maintain the
continued acceptable level of performance
are documented at the conclusion of the
analysis.”

Once the purpose for adding a check valve
or group of check valves to the condition
monitoring program is defined and stated,
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an analysis is performed to identify the
basis of condition monitoring activities.

Analysis

The maturity of the nuclear industry gives
us a big implementation advantage.
Virtually all of the information required to
perform an analysis is already available in
plant records (e.g., test history,
maintenance history, design information,
industry data). Additional research using
the NIC database is performed to identify
if problems have occurred in the industry
on the same model or similar style check
valves or valves in the same application.
Once all of the data is gathered,
reliability-centered maintenance
evaluation is performed to identify failure
modes and potential effects. This type of
assessment is typically referred to as failure
modes and effects analysis (FMEA) in the
industry. If not enough information is
available to perform an FMEA, the
performance improvement section of the
Code is used to identify tests, examinations
and other activities to gather the needed
data. So far, it has not been necessary to
use the performance improvement section
at Wolf Creek, which began operation in
1985. On valves added to the program, all
have had a sufficient amount of data
available to perform an FMEA.

Example Analysis

The following is an example of the analysis
performed for the check valve condition
monitoring program.

The open safety function of valves A, B, C,
and D is to allow RHR flow for normal

and emergency cool down. The close safety
function of these valves is to prevent loss of
RCS inventory as an RCS pressure
boundary isolation valve and prevent
over-pressurization of the RHR header.
Check valves in this group are
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Westinghouse stainless steel six-inch
swing-type check valves. A pipe break
upstream of these valves is not a postulated
accident as described in the Updated
Safety Analysis Report (USAR). RCS
pressure is increased gradually, not
suddenly. Safety injection (SI) operability
1s only required in modes 1, 2, and 3 when
the RHR system is not normally operating,
therefore valves will be seated prior to SI
actuation. Based on these observations,
these valves are not subjected to reverse
flow slamming. A swing check valve is
acceptable in this application since 1) fast
closure is not required, 2) except for rare
operation at RCS mid-loop, this valve
operates with little flow variation, and

3) the valve seats tightly which is
appropriate since this valve acts as the
RCS pressure boundary.

All valves are installed in horizontal runs
of pipe, which is appropriate. Installation
of check valves A and D does not meet the
Electric Power Research Institute (EPRI)
guidelines of having at least five diameters
of straight piping upstream of a check
valve. Valve A has an 18-inch flow orifice
three pipe diameters upstream. The close
proximity of this orifice and valve can
create excessive turbulence that tends to
increase valve wear. Calculated corrosion
allowance for valve A is .016-inch. This
valve is subjected to flows in excess of

661 gallons per minute (GPM). Con-
servatively, the maximum expected
corrosion rate for the body material is two
mils per year for this group of valves. The
corrosion life before reaching minimum-
wall (min-wall) is estimated to be eight
years. Valve D has an 18-inch flow orifice
2.9 pipe diameters upstream. The close
proximity of this orifice to the valve can
create excessive turbulence that tends to
increase the wear of the valve. The valve is
installed in a horizontal run of pipe. The
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calculated corrosion allowance for valve D
1s .039-inch. Corrosion life before reaching
min-wall is estimated to be 19 years. These
valves are not exposed to harsh service
conditions, therefore, actual corrosion
rates should be less than postulated
maximum. Additional ultrasonic test (UT)
examination provides a more realistic
estimate of wall thinning.

Installation of valves B and C does meet
EPRI guidelines of having at least five
diameters of straight piping upstream of a
check valve and located more than 10 pipe
diameters downstream of control valves,
restriction orifices and reducers. These
valves have continuously exhibited
acceptable seat leakage when tested
according to ASME O&M Code Cate-
gory A leakage requirements. Valve B has
a .193-inch valve body corrosion allowance.
At maximum expected corrosion rate,
valve min-wall thickness allowance should
not be exceeded for more than 40 years.
Valve Cinitially had a .023-inch valve body
corrosion allowance. At the maximum
expected corrosion rate, the valve min-wall
thickness allowance from calculation
EP—-MH -004 should not be exceeded for
11 years. See additional discussion of valve
C min-wall under the Other failure modes
section.

Calculated minimum velocity (Vmin) for
full disc lift is five feet per second flow
velocity. Vmin at minimum flow was
calculated to be 13.2 feet per second flow
velocity. This data indicates a stable disc
condition should be present. Non-intrusive
test results identified tapping, which is
contrary to the calculated data indication.
However, because of the magnitude of
tapping, size of check valve discs, and
disassembly examination results, tapping is
not a reliability concern to any of the
valves.
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Improper seating is a credible failure
mode for these valves. Technical
Specifications limit valve leakage. The
check valve is at a high-pressure-to-low-
pressure interface. Analyzed turbulence,
high flow and small corrosion allowance,
and leakage combine to create a credible
failure mode of improper seating.

Detached or broken disc is not a credible
failure mode. These valves are not
subjected to reverse flow slamming
transients that could cause the disc to crack
or break. The check valve disc is designed
to ASME Class 1 requirements. It has a
five and one-half-inch diameter and is one
and one-quarter-inches thick. Made of
high-strength stainless steel, it is unlikely
this disc will experience cracking over the
life of the plant. Two of these valves may
be subjected to turbulence because of
location. A worn hinge pin or eroded disc
is a possible event; however, it is unlikely
that these events would lead to a
catastrophic failure. Degradation events
would be detected during normal
operation and leak testing before
catastrophic a failure.

Free or loose parts because of friction or
erosion is not a credible failure mode. Two
of the valves may be subjected to
turbulence because of location. The wire
loop-to-bearing block interface could
become worn and loose. This degradation
would lead to seat leakage, but not
catastrophic failure, before being detected.
Therefore, this failure mode is bounded by
the improper seating failure mode. These
valves are not subjected to reverse flow
slamming transients that would cause
check valve parts to break free.

Restricted motion or reduced flow is not a
credible failure mode. These valves are
located in a clean system. The simple
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design of this type of valve does not lend
itself to sticking or binding. Conditions in
which valves operate combined with design
and materials do not lend credence to this
type of failure mode.

Stuck closed is not a credible failure mode.
These valves are located in a clean system.
The simple design of this type of valve does
not lend itself to sticking or binding. Based
on system design, significant differential
pressure may be developed to open these
valves.

Stuck open is not a credible failure mode.
These valves are located in a clean system.
The simple design of this type of valve does
not lend itself to sticking or binding. These
check valves are not operated in a manner
that lends credence to a stuck open failure
scenario.

Other failure modes were evaluated.
Exceeding min-wall thickness is considered
a possible credible failure mode because of
the high flows and turbulence to varying
degrees for valves A and D. Not enough
wall thickness field measurement data has
been obtained to confirm or contradict that
there is a wall thinning problem. One piece
of evidence that tends to refute there may
be a wall thinning problem is the absence
corrosion or erosion indication when valves
were disassembled and examined. For
valve B, this is not considered a credible
failure mode because of its min-wall
thickness, application, and maximum
anticipated corrosion rate. For valve C,
min-wall thickness is not considered a
credible failure mode because of its
min-wall thickness, application, and maxi-
mum anticipated corrosion rate. This valve
was initially provided with a .023-inch
corrosion allowance based on the refer-
enced data from calculation EP—MH—004.
Subsequent measurements in 1983 ’
identified that a min-wall of 1.25-inches
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exists. This provides actual corrosion
allowance of .06-inch. If maximum
expected corrosion rate were to occur each
refueling outage, min-wall specification
would not be exceeded until 2018. This
valve was disassembled and inspected in
1994. No evidence of corrosion or other
wear problems were noted. If a wall
thinning problem can be confirmed on
valves A and D, analysis will be initiated to
assess valve C for wall thinning.

EPRI failure probabilities: EPRI uses
several references to summarize generic
failure probabilities for this style of valve.
Wolf Creek uses probabilities provided by
IEEE 500:

» External leakage (body-to-bonnet
gasket) probability is SE-8 per hour of
service

* Internal leakage (seat and disc leak-
through) probability is 9.6E-5 per
demand

+ Fails to open (when needed for
emergency core cooling system flow)
probability is 9.6E-5 per demand

+ Fails to close (when flow stops or
reverses) probability is SE-7 per hour
of service

NIC database failure summary: A
database search was performed which
identified failures in 32 six-inch stainless
steel swing check valves. Of these, three
are of the same manufacture and model
number. The three data sheets are
95—-068, 92148, and 91-197. Failure for
95—068 was the result of disc and seat area
erosion resulting from abnormal wear
caused by foreign material. Failures for
92—-148 and 91-197 resulted from
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unknown or normal wear caused by the
disc and seat area not being flat. In all
cases, the failures were discovered through
programmatic leak testing and damage was
moderate.

Valve failure importance: Excessive seat
leakage results in an intersystem loss of
coolant accident (LOCA) through a low
pressure line in the RHR system. Failure
to 1solate is a significant event that could
lead to core damage. Exceeding min-wall
thickness could result in a diversion of
RHR flow or a LOCA. Single failure of
excessive seat leakage and exceeding
min-wall thickness would not directly result
in a LOCA. The upstream series check
valve would also have to fail in both
instances for this to occur.

Valve A maintenance history

Disassembly and inspection for wear of
internal components:

» Refuel I fall, 1986—no damage found.

» Refuel II fall, 1987—disc and bearing
blocks badly worn, replaced internals.
Work performed because “chattering”
sounds heard in line.

* Refuel IV spring, 1990—no damage
found. ISI VT -3 exam performed.

» Refuel V fall, 1991—no damage found.

» Refuel VI spring, 1993—no damage
found.

» Refuel VII fall, 1994—no damage
found.

» Refuel IX fall, 1997—no problems
found. ISI VT -3 exam performed with
stud PT.
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Min-wall corrosion inspection of valve
body material:

o Refuel 111 fall, 1988—min-wall
1.400-inches.

» Refuel VI spring, 1993—min-wall
1.300-inches.

Valve B maintenance history

Disassembly and inspection for wear of
internal components:

« Refuel VIII spring, 1996—no damage
or abnormal wear found.

Min-wall Inspection for corrosion of valve
body material:

o Refuel III fall, 1988—min-wall
1.35-inches.

Valve C maintenance history

Disassembly and inspection for wear of
internal components:

« Refuel VII fall, 1994—no operational
damage found. ISI VT -3 performed. A
gouge on seating surface bonnet gasket
area from manufacture or installation
identified.

Min-wall Inspection for corrosion of valve
body material

« Refuel III fall, 1988—min-wall
1.250-inches.

Valve D maintenance history

Disassembly and inspection for wear of
internal components:

» Refuel I fall, 1986—no damage found.

+ Refuel II fall, 1987—badly worn,
replaced internals. Work performed
because “chattering” sounds heard in
line.
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» Refuel III fall, 1988—no damage
found. ISI VT -3 exam performed

o Refuel IV spring, 1990—no damage
found. ISI VT -3 exam performed.

'« Refuel VI spring, 1993—no damage

found. ISI VT -3 exam performed.

« Refuel VIII spring, 1996—no damage
found.

Min-wall inspection for valve body
material corrosion:

o Refuel I1I fall, 1988—min-wall
1.42-inches.

Check valve reliability improvement
program data

Valves A and D are disassembled and
inspected every other refueling outage.
Non-intrusive testing has been performed
every refueling outage. Additionally,
periodic UT inspection is performed to
evaluate wear approaching the min-wall
thickness.

Test and maintenance analysis

The test and maintenance history since
Refuel IT indicates a single group of four is
appropriate. Knowing the cause of Refuel
II degradation has helped confirm valves A
and D no longer need to be disassembled
and inspected. Refuel II disassembly was
performed because an “audible noise™ was
heard during system operation. The Re-
fuel II disassembly indicated badly worn
parts. The Refuel II outage was an
unusually long outage. Technical Specifi-
cations required maintenance of a higher
RHR system flow rate. Technical Specifi-
cation RHR system flow rate requirement
has been lowered. Subsequent disassembly
activities during the following several
outages has not indicated significant wear.
Thus, the requirement for frequent
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disassembly should be relaxed or
eliminated. Audible tapping has also not
been heard since this change occurred,
indicating an absence of disc tapping.
Acoustic monitoring identified no tapping
at a magnitude that would cause
degradation. These four valves perform the
same function. Erosion and bearing block
wear rates may vary from loop to loop, but
these rates can be trended with different
intervals as required. The open flow test
data and leak rate test data is acceptable
with no trends toward degradation.

Test strategy

Once failure modes and significance are
assessed, activities that will potentially
mitigate failure mechanisms, assess valve
condition, or verify acceptable
performance are identified. From all
potential activities, a test and maintenance
strategy is developed that uses some or all
of those postulated. The basis for test
strategy is:

* preventive maintenance activities
required to maintain continued
acceptable performance

* examination activities that periodically
assess check valve condition

* test activities that periodically verify
acceptable performance.

Example test strategy

From the previous analysis, a test strategy
may be developed. The following is an
example of an acceptable test strategy that
may be applied to those valves included in
the previous analysis example.

Technical Specifications leakage test
strategy is proven in the nuclear industry to
be effective in identifying the credible
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failure mode of excessive seat leakage. Test
data 1s reviewed by Engineering to ensure
there is not a trend toward degradation.
An additional UT inspection is performed
to evaluate wear rate and determine when
the valve body is approaching the min-wall
thickness on valves A and D. Test
equipment technology and methodology
has progressed significantly since the last
min-wall measurement. Therefore, this
measurement should give a more
representative min-wall thickness
indication than in the past.

This valve is currently full-flow tested.
Based on the evaluation, measuring flow
does not provide useful data for failure
mitigation. If a check valve disc was stuck
closed or restricted because of some
unforeseen circumstance, abnormal system
operation would be observed because of an
unbalanced flow condition. Flow testing
will use normal system operation to verify
check valves are open. The following
details the condition monitoring activities
and their implementation frequencies:

» Leak rate testing/leak rate data trend—
documented once each cycle.

* Flow testing/normal system operation,
in-service operator walk-downs—
documented once each cycle.

* Monitoring system pressure—
monitoring RHR system pressure and
the number of times during a fuel cycle
operators vent the RHR system—
system health reports evaluate
quarterly, documented once each cycle.

» Visual gasket/boron crystallization or
leaks; walk-downs performed every
outage for RCS Class 1 ISI pressure
testing requirements—documented
once each cycle.

 Hours of operation/hours and flow can
be estimated to assess bearing block or
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hinge pin wear—documented once
each cycle.

+ UT results/min-wall, valve body wear
rate—evaluation and actions
determined by FAC program.

NRC limitations

The following limitations were taken from
the 1999 revision of 10 CFR 50.55a(b)(3)
(iv)(A-C):

(A) Valve opening and closing functions
must be demonstrated when flow testing or
examination methods (nonintrusive, or
disassembly and inspection) are used,

(B) The initial interval for tests and
associated examinations may not exceed
two fuel cycles or 3 years, whichever is
longer; any extension of this interval may
not exceed one fuel cycle per extension
with the maximum interval not to exceed
10 years; trending and evaluation of
existing data must be used to reduce or
extend the time interval between tests.

(C) If the Appendix II condition
monitoring program is discontinued, then
the requirements of ISTC 4.5.1 through
4.5.4 must be implemented.

Documentation

The basis of valve groupings, test and
maintenance history analysis, failure
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modes and effects analysis, results of
condition monitoring activities, and
evaluation of corrective maintenance
effects on all phases of analysis are areas
that must be thoroughly documented to
maintain an effective program.

Check valve condition monitoring
effectiveness depends on accurate
well-documented records because it is a
living program. Following data collection,
analysis forming the basis of activities must
be re-evaluated. This is necessary to
validate assumptions made when
determining strategy for assuring continued
component reliability.

Looking toward the future

A check valve condition monitoring
program allows owners to shift resources
from valves performing reliably to valves
that are not performing reliably or have
the potential to significantly impact plant
safety. In the future, Wolf Creek will
perform evaluations on all refueling outage
and cold shutdown test frequency check
valves to determine if they should be put
into the condition monitoring program.
Potential benefits are improved safety
assurance, improved resource allocation,
outage scope reduction and ALARA
savings.

NUREG/CP-0152, Vol. 3



NRC/ASME Symposium on Valve and Pump Testing

_|SECTION I 3 - analyze

ANALYSIS

test and maintenance
history

ASME OMa CODE-
1996 APPENDIX )
CHECK VALVE
CONDITION » PURPOSE
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Figure 1 - From

Begin Condition
Monitoring
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Figure 2 — Analysis
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Figure 5 - To
Condition
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Figure 4 - To
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Improvement
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Figure 3 — Condition Monitoring or Performance Improvement Decision
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interim
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Figure 4 — Performance Improvement Activity Performace
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Figure 4 - From
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Figure 1 - Begin
Condition

Figure 5 - From
Condition
Monitoring Activity,

Monitoring

1 NRC Limitation A,B,C

(4) Review after performance of activity
and determine if program revision is
required

(4) Perform applicable |
steps again as needed|

Il 5 Review after performance of
es corrective maintenance and determine
if program revision is required

Figure 6 — Condition Monitoring Results Review
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(d) Identify which
(e) Identify the intervals| activities will be
of each activity performed on which
{(LIMITATION B) valve(s)
(LIMITATION A)

(2) Revise the CM test

plans to document (3) Perform the

activities at the

ﬁgﬁf:;:sd .~'| associated intervals
(LIMITATION A,B) (LIMITATION B)

NRC Limitations

(A) Valve opening and closing functions must be demonstrated when flow testing or examination
methods (nonintrusive, or disassembly and inspection) are used:

(B) The initial interval for tests and associated examinations may not exceed two fuel cycles or 3 years,
whichever is longer; any extension of this interval may not exceed one fuel cycle per extension with the
maximum interval not to exceed 10 years; trending and evaluation of existing data must be used to
reduce or extend the time interval between tests.

(C) If the Appendix Il condition monitoring program is discontinued, then the requirements of ISTC 4.5.1
through 4.5.4 must be implemented.

(4) Perform applicable
steps again as needed
(LIMITATION A,B,C)

Figure 7 = NRC Limitations Summary
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s {a) Has sufficient mfo
been colaned lo anatyze?
INRC Limitations.
(A) Vaive opering and cloming functions must be when fiow testng o metheds . of
disassembly anc mspechon) are used:
(B) The inrual iterval for Lests and associated may not exteed o 3 years, whichever 13 longer. any
extension of tes inlerval may nol exceed one fuel Cycle per extension with Ihe mamum interval not to exceed 10 years;

Tendng and evaluabon of exsting dats must be used to reduce or extend the tme interval between lests.

(11t e condibon program 13 then the L of ISTC 4.5.1 through 4.5.4 musi be
impiemented.

Table 8 — Process Summary
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Development of Main Steam Safety Relief Valve
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Electric Power Development Co., Ltd.
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Abstract

Main Steam Safety and Relief Valves
(MSSRVs) are situated inside primary
containment vessel to prevent the
overpressure in the transient case of BWR.
An increase in the electrical output of
BWRs results in an increased number of
MSSRVs. Typically a 1350 MW-class
ABWR power plant requires 18 MSSRVs.
Such a large number of valves requires a
lot of man-hours for working out the
optimum equipment layout design and for
maintenance. In addition, the loading of
BWR core with mixed oxide fuel could
lead to a further increase in the number of
these valves.

In order to mitigate such difficulties, the
authors have designed, manufactured,
tested and confirmed the applicability of a
MSSRYV with a larger capacity than one
available today.

1. Introduction

EPDC (Electric Power Development Co.,,
Ltd.) is advancing the construction of the
ABWR whose core will eventually be fully
loaded with mixed oxide fuel (Full MOX —
ABWR, FM—-ABWR) in Aomori
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Prefecture, Japan. Hitachi, Ltd. is the
supplier of the nuclear steam supply system.

The reactor design basically follows the
existing ABWR design, but incorporates
some modifications to provide for the
future loading of high-burn-up MOX fuel
bundles.

The modifications were made taking into
account the characteristics of the full-
MOX core and their resultant effect on the
equipment. One of the features of the
full-MOX core is an increase in the abso-
lute value of the negative void coefficient.
This could lead to an increased magnitude
of overpressure in the primary coolant
compared to the UO;-fueled core in the
event of overpressure transient events,
such as generator load rejection with a
failure of all turbine bypass valves to open.
The severity of such an overpressure
transient would now be mitigated and the
number of MSSRVs would be reduced at
the same time by the use of a MSSRV
which the authors have newly developed.
Its capacity is larger than that of valves
currently used in the existing BWR plants
by 16% (capacity volume 460t/h).

2. Design

MSSRVs are required to possess positive
seal capability during normal operation of
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the plant and high reliability when
required to actuate. To meet such
requirements, spring-loaded safety valves
are used. Spring-loaded safety valves offer
rapid and reliable opening characteristics
and an optimum configuration that assures
a high discharge coefficient. Additionally,
the spring-loaded safety valves used in
Japan have to have high and stable
operability against high back pressures.
This is accomplished by the use of a wing
disc and by a lip-shaped disc, which
provides positive seal tightness.

For the large MSSRY, the authors have
reviewed the available information on the
above factors and decided to increase the
capacity of the valve by enlarging the seat
and throat areas, but maintaining the inlet
and outlet diameters of the existing valve
on which the development is based. Other
considerations in the development include
the use of the maximum diameter of spring
(7Smm) obtainable from a spring supplier
and the maximum capacity of the valve
manufacturer’s test facility. Specifications
of the large MSSRV are shown in Table 1.

Figure 1 shows the cross section of the
large MSSRV. Similar to the existing
design, it is composed of a single-coil
spring and a wing disc, called a concave
disk, with a bendable disk lip for seal
tightness. Other materials such as the disc
and stem are chosen from readily available
Japanese Industrial Standard (JIS)
materials rather than specialty materials
currently employed.

3. Test Program

The test program consists of a component
test whose objective is to derive basic data
on the components of the valve and
performance tests which confirm valve
performance using a prototype.

NUREG/CP-0152, Vol. 3

3.1 Component test

The component test includes the bellows
endurance test, spring characteristic test,
and coefficient of discharge measurement
test.

The bellows is essential in assuring stable
operation by providing balanced back
pressure characteristics and for achieving
seal tightness. The test was carried out by
simulating the temperature and valve
opening speed of an existing MSSRV.

The spring constant was measured.

The coefficient of the discharge measure-
ment test was required because the ratio of
inlet diameter to throat diameter differs
from existing valves.

3.2 Performance tests

The following performance tests were
planned using a prototype large MSSRV.
The scope of the tests was determined in
reference to those conducted for the
current MSSRV.

» Popping test;
» Performance test of relief valve
function;

+ Performance test as partof the
automatic depressurization system;

+ Blowing test;

» Performance test to obtain the
relationships of popping pressure to
nitrogen gas and saturated steam;

« Effect of hydrostatic test on popping
pressure;

+ Effect of valve transportation on
popping pressure;

» Endurance test under actual thermal
function; and

+ Natural frequency measurement.
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4. Test Results

4.1 Component test

(1) The bellows endurance test was

conducted at temperatures expected for
the MSSRYV discharge line and at a
speed of 1.5 m/s which is slightly faster
than the actual valve opening. The test
was done using three prototype bellows
for 1600 cycles. Leak tightness was
confirmed visually and by using a
helium leak detector.

(2) The measured spring constant was in

good agreement with the calculated
value. The hardness in the radial
direction was 47.8 HRC on the surface
and 43.9 HRC in the center, which are
within the values specified in the JIS
(41.8—48.8 HRC).

(3) The coefficient of discharge (K value)

measurement was performed at the
National Board Testing Laboratory in
the U.S., an ASME license holder,
using 9 safety valves of a smaller
capacity than the actual size prototype,
but with the identical inlet to throat
area ratio as the prototype.

From the test results shown in Table 2, the
discharge coefficient of 0.97 was derived
for the large MSSRV. This test method
followed ASME section and JIS B8225.
The K values for the flat disc type and wing
disc type were measured. The results were
as follows:

K value for the wing disc was larger
than K value for the flat disc.

K value for the flat disc decreased
linearly with the increase of the ratio of
inlet area to throat area.

It was supposed that steam flows
moved smoothly in the seat area with

the use of the wing disc and that the K
value depended on the throat diameter
minus a displacement thickness of a
boundary layer on the inside surface of
inlet nozzle. This thickness became
smaller when flow acceleration was
large (dependent upon the ratio of inlet
area to throat area).

The test results are shown in Fig. 4.

4.2 Performance tests

Except for the blowing test, which was
conducted at the Wyle laboratory in the
U.S., all performance tests were carried
out at the factory of the supplier of the
prototype valve using the supplier’s steam
supply facility. Some test findings are
described below.

4.2.1 Fundamental tests

(1) Popping test
The popping pressure and leakage
through the seat were confirmed to be
within the JIS specified values. Three
other popping tests were done using
nitrogen gas which showed that each
popping pressure fell within =1% of
the mean value of the test, and the lift
of MSSRYV was larger than 29mm. The
test results are shown in Table 3.

(2) Relief valve function test

The relief valve function test was
carried out simulating conditions which
would tend to increase the opening
time of the valve. The opening time
was found to be less than 0.2 second
which was assumed in the safety
analysis of the plant. In a performance
test of an automatic depressurization
system, a 5-cycle continuous opening
test was carried out using the actual
size accumulator.

(3) Blowing test
Popping characteristic under the full
flow condition was checked using the
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large scale test facility (Wyle
Laboratory).The test was done for
different popping pressures with each
test repeated three times for different
back pressures. The test results are
given in Figures 2 and 3. The popping
pressure remained stable and a clear
popping action was confirmed. Blow
down during the test was stable. A
change in the back pressure between
250—-550 psig caused blow down to
fluctuate between 10—2%, a value
comparable to that which occurs for the
existing valves.

4.2.2 Performance test under service
conditions

(1) The relationships of popping pressure
to nitrogen gas and to saturated steam

Once nuclear plants go into service, the
popping pressure of the MSSRV needs
to be checked using nitrogen gas rather
than steam. To provide for this, the test
was performed using both saturated
steam and nitrogen gas for three
different popping pressures. A
correlation factor of 1.033 was
obtained, a value very close to that for
existing valves. The test results are
shown in Table 4.

(2) Effect of hydrostatic test on popping
pressure

When a hydrostatic test is required
after the plant has entered into service,
MSSRVs are gagged during the test.
The popping pressure test done before
and after the hydrostatic test conditions
showed that gagging had no effect on
popping pressure.
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(3) Endurance test under actual thermal
conditions

Endurance test was carried out for 300
opening cycles by using the actuator
under actual thermal conditions. The
popping pressure, seat leakage and
opening time were checked at every 60
cycles of operation. No damage was
identified. The test results are shown in
Table 5.

(4) Natural frequency measurement

Natural frequency of the large MSSRV
was 33—35Hz which was out of the
band generated by resonance activity of
an earthquake (more than 20Hz). This
meant that the large MSSRV was rigid
and did not resonate with the vibrations
of an earthquake. The both the current
MSSRYV and the original MSSRV (used
by 1980) were confirmed to have
operability under high acceleration
(9—-11G) during the seismic test (see
Table 6).

So, the large MSSRV was judged
operable under the earthquake.

5. Conclusion

The authors have successfully developed
an MSSRYV with greater capacity than
those currently used, and demonstrated its
performance to be very close to current
valves. The application of the large
MSSRYV will allow the decrease in number
of MSSRVs required for the FM—ABWR
and the man-hours for optimum equipment
layout design and for maintenance.

Although the large MSSRV is intended for
application to the FM—ABWR, it can be
equally used in any BWR.
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Table 1 Specifications of MSSRV

Size

Operating pressure
Design pressure
Design temperature
Set point pressure

Actuation time (opening)
Capacity

Inlet 6B X Outlet 10B

7.2MPa [gage]

8.6MPa [gage]

302 °C

7.9—8.2MPa [gage] (safety valve)
7.5—7.9MPa [gage] (relief valve)
under 0.2s (relief valve)

460t/h

Table 2 Discharge coefficient measurement (wing disc type)

Size of safety Popping Discharge

valve Inlet diameter | Throat diameter pressure coefficient
50A 43.1mm 34.0mm 1.27MPa [gage] 0.9631
1.03MPa [gage] 0.9584
0.78MPa [gage] 0.9709
40A 38.0mm 30.0mm 1.47MPa [gage] 0.9776
1.13MPa [gage] 0.9775
0.78MPa [gage] 0.9836
32A 27.9mm 22.0mm 1.47MPa [gage] 0.9663
1.13MPa [gage] 0.9639
0.78MPa [gage] 0.9653
Average 0.970
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Table 3 Popping pressure with steam

Test Number Popping pressure Lift(mm) result
(MPa)
1 8.16 30.5 Good
2 8.16 30.5 Good
3 8.16 305 Good
Criteria 8.20+x1% =29 -
Table 4 Correlation between nitrogen gas and saturated steam

Set pressure (MPa [gage]) 7.92 8.06 8.20
Popping First 8.18 8.33 8.43
pressure Second 8.18 8.33 8.43
for Np Third 8.18 8.33 8.43
(MPa [gage]) Average 8.18 8.33 8.43
Popping First 7.88 8.05 8.16
pressure Second 7.94 8.01 8.16
for steam Third 7.93 8.09 8.16
(MPa [gage]) Average 7.92 8.05 8.16

Ratio (Ave. Np/Ave. St) 1.032 1.034 1.034
NUREG/CP-0152, Vol. 3 1A—48
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Table 5. Endurance test results (300cycles)
Operation cycle Popping pressure (MPa) | Seat leakage Opening time
Criteria 8.20x£1% | No leakage =0.2s
Before the test 8.15 0.09
8.24 No 0.09
8.21 0.13
After 60 cycles 8.14 0.09
8.13 No 0.09
8.14 0.13
After 120 cycles 8.24 0.09
8.27 No 0.09
8.18 0.13
After 180 cycles 8.19 0.09
8.20 No 0.09
8.26 0.13
After 240 cycles 8.20 0.09
8.20 No 0.10
8.14 0.13
After 300 cycles 8.16 0.08
8.15 No 0.09
8.15 0.13

Table 6 The operability of the large MSSRY under the earthquake

MSSRV Height Weight Gravity Natural Confirmed
type (mm) (kg) center frequency |operable
(mm) (Hz) acceleration(G)
Current 1670 1620 740 40 9.6
MSSRV
Original 1824 2150 842 31 11
MSSRV
Large 1866 1910 779 33-35 (operable
MSSRV under the
earthquake)
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Figure 1. The Cross Section of the Large MSSRY.
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Using Non-Intrusive Testing to Eliminate Disassembly and
Inspection of Check Valves

Ernie Noviello
CRANE Nuclear, Inc.

Abstract

Early detection of conditions that
accelerate wear in check valves and cause
their eventual failure is critical to an
effective predictive maintenance program
for check valves. This was the initiative for
the release of SOER 86—03. The SOER
cited a lack of proper methods to deter-
mine check valve condition assessment
through a structured approach. Conditions
that affect proper operation of check
valves include excessive disc flutter and
undesirable internal impacting. Through
non-intrusive check valve diagnostics, these
conditions can be identified and trended to
ensure proper scheduling of maintenance
activities. Non-intrusive check valve diag-
nostics can also be employed to satisfy the
requirements of ASME Section XI for “full
stroke exercise” without disassembly and
inspection. As a result of the issuance of
NUREG 1482 and ASME WG O&M 22,
Condition Monitoring Exercise (CME)
which provides guidelines for application,
these methods provide an approach to a
significant cost-saving benefit through
reduction in the labor and exposure
normally associated with the disassembly
and inspection of check valves.

This paper will explain an approach to
check valve testing, using various
Non-Intrusive Test (NIT) technologies.
Acoustic emission (AE), ultrasonic (UT),
and eddy current (EC) technologies will be
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presented in theory. This paper will
attempt to provide a better understanding
of how these technologies are used to
detect check valve degradations through
the interpretation of test data and provide
comparisons between technologies. An

~overview of the most common check valve

types will be presented. Finally a greater
understanding of the principal drivers
along with the need for proper training of
test personnel for non-intrusive check
valve testing in the domestic nuclear power
industry will be addressed.

Introduction

Check valves are located in almost every
safety and non-safety-related system in a
nuclear power plant. These components
are susceptible to failure modes generally
associated with wear of internal parts.
Failure of one of these valves during plant
operation or in some cases, under cold
shutdown conditions, could significantly
affect plant safety. Failure can also result
in costly and time consuming maintenance.
Operation under conditions that cause the
valve disc and hinge arm to oscillate or
flutter can lead to degradations which, if
uncorrected, may result in failure. A major
cause of check valve failure has been
excessive wear of the hinge pin, hinge pin
bushings, and disc stud. In addition, disc
tapping at the backstop or seat may lead to
fracture of the disc stud and degradation to
the seat.
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In the past, two primary methods have
been used in an attempt to prevent failure
and reduce excessive wear. The first
method is proper selection of check valve
type. System fluid velocity is determined
and a check valve with a calculated
minimum flow velocity for stable operation
less than the anticipated system flow is
selected. However, experience has shown
that the analytical or theoretical operating
characteristics of check valves frequently
do not match their actual operating
characteristics. The second method
involves a periodic disassembly and
inspection program. Once operation has
commenced, selected valves are
disassembled and their internals inspected
for signs of wear. This method is costly,
time consuming and may result in
unnecessary exposure to radiation.
Frequently the disassembled valves show
little or no signs of wear, which highlights
the inherent inefficiency of an inspection
program. In addition, repair and
re-assembly of a check valve does not
assure proper operation. In some cases it is
more detrimental to the check valve.
Neither of these methods verifies actual
valve performance during normal
operation. Check valve diagnostic
equipment with powerful and flexible
computer software programs, can observe
valve performance under all flow velocities
as well as measure and quantify valve
instability. With proper application of the
system, problem valves can be identified
based on the valve’s actual operating
characteristics making it possible to
implement design changes and
maintenance prior to significant
degradation. The system can also be
applied to verify the full stroke exercise
requirements of ASME Section XI.
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Types of Check Valves

The check valve is a valve designed to
control the direction of fluid flow in a pipe.
Check valves differ considerably in their
construction and operation from other
types of valves. They are automatic in
their operation, and are activated
internally by the flow of fluids (either
liquid or gases) which they regulate. Check
valves permit the flow of fluid in only one
direction. If the flow stops or tries to
reverse direction, the check valve closes
and prevents a back flow. As soon as the
flow in the line is re-established, the check
valve opens and flow is resumed in the
proper direction as before. The five (5)
most common check valve types are swing,
tilt disc, piston or lift, duo disc, and nozzle.

Swing check valves are the design most
commonly used in power plants. They are
essentially the best general service check
valves available. The flat seat and floating
disc features make them the best sealing of
all check valves. These same features also
make them the easiest to maintain. Their
basic straight through design means they
impose the least pressure drop on a system.
Swing check valves, however, are also the
most susceptible to damage from water
hammer and low or intermittent flow rates.
They do not perform as well as tilt disc
check valves (TDC) in high energy, reverse
flow conditions. Subjecting a swing check
valve to low or pulsating flow may cause
severe damage. The most frequent result is
damaged seats and disc sealing surfaces.
However, it is not unusual for repeated
hammering of these valves to result in
fatigue failure of the hinge pin and thus the
separation of the disc.

1A-56



NRC/ASME Symposium on Valve and Pump Tésting

Tilting disc (TDC) check valves operate on
the following principal: the disc is mounted
on two pins just above the centerline of
flow. This means that the disc almost
pivots about its centerline. The smaller
radius of rotation greatly reduces the
velocity at the edge of the disc and thus the
impact between the disc and seat. In most
TDC designs a counterweight is also
incorporated. The counterweight adds an
additional closing movement and therefore
increases the speed of closure. Additional
closing speed may be achieved by
designing the counterweight in the shape of
an airfoil. The flow of the fluid over the
airfoil produces a lift that keeps the disc
open. When the forward flow ceases, the
upward force on the disc disappears and
the weight of the disc and counterweight
immediately sends the disc to the seat.
TDCs are designed and best suited for
systems likely to experience water hammer.
They are also appropriate when low or
pulsating flow is encountered. Although
TDCs do not become fully open until
higher velocities are reached, the disc
tends to remain stable through the entire
range. The lift caused by the flow over the
airfoil and the aerodynamic counterweight
tend to keep the disc steady regardless of
the fluid velocity.

Piston or Lift check valves are used to
prevent flow reversal in piping systems.
They are faster closing and handle variable
flow conditions better than most types of
check valves. Lift check valves are the best
choice for high-pressure drop application
and are more suitable for operation under
less then full open. They mount well
horizontally or vertically. Piston type lift
check valves should not be used where
solid contaminants are present because
they could cause sticking. This could
prevent proper closing. Frequent
maintenance is required if installed near
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pumps, control valves, in pulsating
applications and if left at 50% or less of
full open.

Duo disc is a variation of the swing check
valve in which two D-shaped pieces pivot
about a vertical pin and seat on flat
D-shaped seats. A torsion spring acts
between the two flaps to help close the
valve with low shock. The flaps are directly
in the pipe center and are fully exposed to
the fluid back flow force to assist closure if
the spring action is to slow. Failure of the
spring creates potentially serious
operational problems. Without the
restraining force of the spring, disc flutter
and wear will increase significantly.

Nozzle check valves use a spring-loaded
circular flat piston that is oriented
perpendicular with flow. Since the disc is
relatively light, it uses a spring to assist
with the closing force. These valves are
rapid closing. A low-pressure drop exists
around this streamlined design. An annular
ring machined into the body of the valves
serves as a seating surface. The disc
experiences large back seating forces that
will allow it to be less sensitive to upstream
disturbances.

Non-Intrusive Test Methodologies

Stable flow is a test conducted when the
system is at full flow. Observation of a
check valve in this state provides useful
data about the performance while in
service. It may also be performed at less
than full flow in the case of minimum flow
system operation. Conditions that
accelerate wear can be detected in these
modes. This allows for corrective action
prior to any actual degradation of the
internal components occurs. This test also
allows for the detection of degraded parts
as well as stuck or missing components.

Stroke test is a test conducted by initiating
flow through the check valve and then
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1solating flow. This test allows the detec-
tion of free moving internals. It is capable
of detecting degraded, missing and stuck
components also.

Leak test is a test conducted when the
plant is in a desired line-up. Through
comparison of acoustic energy levels,
leaking check valves can be detected. This
approach to leak detection requires close
contro] and monitoring of system and test
parameters to ensure that the necessary
precision is obtained to determine whether
the valve is leaking.

A combination of these test methodologies
is recommended to ensure all aspects of
degradation detection are applied. Without
the combination of both methodology
approaches, some degradations may go
undetected.

Description of Non-Intrusive Test
Technologies

Check valve diagnostic equipment is
designed to verify proper operation of
check valves and provide a predictive
maintenance tool that will identify adverse
trends prior to failure. Another application
is to determine the ability of the check
valve to be exercised through the full
stroke. The system relies on a “look” and
“listen” approach by viewing the internal
moveable components and monitoring the
activity generated by these components. To
accomplish this task, three different
technologies are employed in various
combinations: Acoustic Emission (AE),
Ultrasonic (UT), and Eddy Current (EC).
A combination of these technologies is a
sound basis for performance of check valve
diagnostic testing. Each technology has
strengths and weaknesses, however when
combined together they offer high degrees
of certainty in proper diagnosis of check
valve condition/position. The
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methodologies advocated in this paper are
those with industry proven performance.
These methods in a variety of combina-
tions can be used to perform a full gamut
of testing on essentially every design of
check valve. This range of testing is
sufficient to determine the overall
condition as well as position of the disc
without the need of disassembly. Check
valve non-intrusive testing requires no
disassembly to correlate the valve
condition to the test results to be used a
baseline for continued performance of
diagnostics, however, this information
would be valuable.

Hardware/Software Requirements

A typical check valve diagnostic testing
platform consists of a signal conditioner
that generates as well as accepts the test
signals then processes them before sending
out to the device that runs the software
program. These devices are typically
Pentium computers. The software
programs are generally compatible with
Windows versions of software allowing
more interactions between programs. Data
can be stored on permanent drives or a
variety of backup methods such as diskette.
Generally calibration of these components
are required if testing will be performed on
safety related plant equipment.

Acoustic Emission (AE)

The acoustic technology is considered a
“listen” approach based on sound
vibrations received from piezoelectric
charge type accelerometers, which convert
sound waves from mechanical motion to an
electrical signal. Two of the main concerns
of acoustic testing are base bending and
temperature transients. The Delta Shear
accelerometer design employs three (3)
piezo elements which provides 18—33 dB
better information than compression
designs when compensating for base
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bending. In similar respect, the
piezoelectric element has very good
temperature transient characteristics.

One design example would be that of High
Impedance. Employing a charge amplifier
assists in testing check valves at
temperatures above 250°F. This type of
circuit senses charge and is not affected by
cable length. However it is very sensitive to
spurious electrical noise in the cable.
Therefore the cable needs to be high
quality, low noise, high leakage resistant
and left undisturbed during testing. If not
immobilized, some low frequency noise
will be generated. High pass filters could
reduce the noise but at the expense of
valuable low frequency information.
Residual noise increases proportional to
cable length but the signal level remains
unaffected. Signal to noise decreases as
cable length increases.

Significant amounts of research have been
invested to determine what reliable
parameters can be extracted from the
vibrations emitted from a check valve.
Acoustics cannot detect a check valve that
is fluttering unless impacts are occurring
internal to the valve body. Check valve
internal components must contact each
other to create the vibrations necessary for
the accelerometers to sense metal to metal
type data. Vibrations with energy levels
below those generated from background
noise and flow noise would require the use
of software filters to differentiate these
sources.

This technology is limited when the check
valve does not produce events that can be
recognized. It is also limited to detection of
such failures as a missing disc if a baseline
test has not been performed with the disc
intact. An acoustics only approach to data
collection will greatly reduce the ability to
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ascertain valve condition/position during
the analysis of data. This approach can
lead to incorrect conclusions concerning
the operability of a check valve. Acoustics
can be used with another technology such
as ultrasonic (UT) or eddy current (EC) to
provide a picture of a check valve in
transient.

An important part of acoustic emissions
testing is preparation. Once the desired
accelerometer mounting location has been
determined (a valve drawing is rec-
ommended), the area should be cleaned of
dirt, loose paint, rust, and any oily film that
may interfere with a good mount. The
backstop and hinge-pin provide optimum
monitoring locations. Once the prep-
aration is complete, the stud can be
mounted with epoxy or other approved
adhesive and allowed to dry. Some
mounting studs are coated to allow proper
electrical grounding. Degradation of the
coating may produce a signal with
undesirable noise levels and interfere with
the test results. Accelerometers should be
applied only until finger tightened.

Acoustics is very easy to use and usually
totally automated with the advanced
software programs available today. The
data can be automatically compared to
previous results for trending valve
condition. Automated analysis features of
software allow the user to trend check
valve performance based on impact RMS
levels, long-term energy levels, frequency
of impacts and impact rate. Check valve
degradation could be the result of changes
in these areas from previous data.
Examples of this are increased impact
magnitudes, increased impact rate, and a
shift in the impact frequency domain. The
concept is that as parts degrade and
clearances increase, the energy will also
increase. Software programs capable of
performing Fast Fourier Transforms (FFT)
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determine impact frequency. The FFT is a
mathematical manipulation of data
acquired in the time domain and converted
to the frequency domain by the use of an
algorithm. The FFT is very limited in
providing useful information concerning
changes in check valve condition unless the
check valve internal components have
been qualified in respect to their nominal
frequencies. Another approach is that of a
Power Spectral Density (PSD). A PSD is
the process of averaging multiple FFT data
to provide an average frequency spectrum
for a specific impact rate. The PSD
provides an overall higher statistical
accuracy when comparing data. The
concept is that as check valve condition
degrades, a shift in the PSD will occur.

Ultrasonic (UT)

Ultrasonic allows the user to determine
disc position and disc stability. A modified
flaw detection reflectoscope and associated
transducers are used to extract necessary
information from the check valve disc. The
reflectoscope is a pulse/echo type that
generates high voltage pulses and sends
them to the transducer. The transducer
then converts the pulses into sound waves
that are applied to the valve being tested.
A large percent of the sound wave is
reflected from the disc assembly back to
the transducer. The sound reflected back
to the transducer is converted back to
electrical pulses, which are amplified and
displayed on the CRT as waveforms.

The A-scan display indicates the depth and
amplitude of the sound reflections. The
amplitude is a relative measure of the
amount of reflective ultrasonic energy. The
depth is the distance from the transducer
to the target or disc assembly.

Ultrasonic sound waves can travel through
many different mediums. The particle
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density of a material will determine how
well the sound waves travel through it. This
is called the velocity of sound for a given
material. “Velocity of sound” can be
defined as the distance a sound wave will
travel through a medium in a certain
amount of time.

It is the interface of the metal to air that
attenuates the UT signal. Ultrasonic
energy is totally lost as a result of this
interface. For this reason coupling must be
used to eliminate air between transducer
and valve body contact surfaces. This
relationship prevents the use of ultrasonic
on air and steam systems. Additionally the
grain structure of some stainless steels
attenuate UT signals causing a significant
reduction in return signal making it
difficult to test. Like other non-destructive
testing technologies, ultrasonic requires
proper training so the user can be
proficient with the technology.

UT can be considered a “look” technology
in regard to its ability to monitor disc
movement. UT is the most accurate and
quantifiable data that can be gathered
from check valve testing. This ability allows
for determining the valve disc open angle
in degrees off the seat and the velocity of
movement or “angular velocity.” Inputting
key data into the software program, which
in turn performs the trigonometric
functions that result in the disc open angle
and angular velocity outputs, performs
these calculations. The disc open angle can
be calculated to within plus or minus

4 degrees and provide verification of full
open without the presence of an acoustic
impact. The angular velocity of the disc,
which is measured in degrees per second
movement, is the best indicator of valve
performance. The primary cause of check
valve degradation is continuous disc flutter.
Accelerated degradation of check valve
internals can lead to their failure to
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perform when called upon. This angular
velocity of the moving disc assembly is
correlated to a “stability number”
classification. This classification deter-
mines the operating characteristics of the
check valve in terms of “stable,”
“unstable,” or “excessive.”

The stability number represents the
amount of disc flutter that check valves
disc is displaying at a specified flow rate.
The stability number combines the
magnitude and frequency of disc flutter
into one term. It is more representative of
actual disc flutter than stating average
magnitude (degrees) or frequency (Hz)
separately since check valves oscillate with
random motion. All valves with disc flutter
will experience some wear. It is the
purpose of the stability number
classification to distinguish between the
conditions which lead to accelerated wear
and those that result in normal wear.
Normal wear is considered to occur over
many years of service with some check
valves remaining functional without
replacement of parts. Excessive or
accelerated wear is considered to be when
internal part replacements are required in
less than three (3) full operational periods
between refuel outages.

The stable range represents a check valve
disc that is either firmly against the
backstop or experiencing ordinary flow
induced oscillations. This category of check
valves will experience only normal (low)
internal wear. The “unstable” range
indicates disc flutter that is neither clearly
stable nor excessive. Typically, valves in
this range are operating under less than
ideal flow conditions. Abnormal wear rates
are possible depending on the system and
operational history. “Excessive” disc flutter
represents valves that are experiencing
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abnormal disc oscillations. The valves are
incorrectly sized, misapplied, or are
operating at destructive flow rates.
Accelerated wear can be expected if the
valve continues to operate under these
conditions. Valve failure is possible in this
category. The higher the angular velocity,
the greater the internal wear will be on the
rubbing surfaces. This information is
extremely useful to select valves for
inspection or to predict maintenance
activities on a particular check valve.
Ultrasonic has the ability to determine a
stuck or missing disc, relative stability or
angular velocity which is directly associated
to wear of the hinge pin, as well as other
conditions that cause wear. A wear model
is available to predict valve life and wear
rates based on the data gathered with
ultrasonic testing. Presently this is the most
advanced form of predictive maintenance
available in the field of non-intrusive
testing. UT can ascertain the potential of
degradation occurring without the trending
or comparison of test data but from one
single test data.

UT has been recognized throughout the
industry for many years in the
determination of critical testing and flaw
sizing for service sensitive welds and heat
affected zone of piping systems as well as
the RPV. It has been and continues to be
an integral part of ASME Section V and
Section XI. The application of UT for
check valve diagnostics redirects the
technology for the purpose of check valve
condition determination. The same
quantifiable qualities are utilized in check
valve diagnostic testing. The limitations of
UT are that it will not operate in steam or
air systems. These limitations usually affect
only a limited number of check valves, so
that this is not considered significantly
limiting.

NUREG/CP-0152, Vol. 3



NRC/ASME Symposium on Valve and Pump Testing

Eddy Current (EC)

Another “look” technology is eddy current.
The eddy current technology generates a
temporary electrical field that penetrates
non-ferrous materials. Coils of wire are
energized with current to create a
magnetic field that is pulsed to create
transients in the metal. The strength of the
field is determined by the ampere—turns
of the coil. The movement of the internal
components of the check valve disrupts
these transients and is sensed with
receiving coils to produce a voltage
corresponding to internal component
movement. The field disturbance can be
used to identify a fluttering check valve,
however cannot identify the exact mid
position of the moveable element. The
eddy current test system consists of an
enclosed module and probes that produce
a voltage-varying signal. The analog output
of this signal is processed by the software
package. The processed signal is displayed
as relative disc position and flutter. When
the check valve remains in a stationary
position, a voltage is recorded. Changes in
the output voltage occur as the check valve
disc position is altered. Therefore as the
check valve continues to change its
position, the voltage continues to vary
depending on the direction of disc
movement.

Eddy current is non-linear and only
provides relative disc position unless a full
stroke characterization calibration of a
specific check valve has been performed.
With the characterization calibration
stroke, eddy current can be used to
determine if full stroke travel has been
achieved by comparison of the full stroke
deltas from the calibration as well as the
subsequent test data. This characterization
stroke can be achieved by manually
stroking the valve, or having sufficient flow
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to identify an acoustic backstop impact.
This technology is most commonly used to
verify operation of a check valve with
regards to full stroke exercise by combining
this technology with acoustic emission
(AE) by acquiring a time trace while the
valve is being cycled.

The advantages of eddy current are the
ease of installation and the intuitive traces
which are generated. These traces provide
a picture of total disc travel. Eddy current
can be applied in any medium including air
and steam systems. Eddy current works
well on high-pressure class stainless steel
valves and fast-stroking valves where
ultrasonic is limited. Since the eddy current
technique itself locates the disc as it
changes position and no electronic
interface is required to capture the
signature, this technology presents itself as
the premier method for the testing of these
rapid stroking check valves. The eddy
current technology is limited to non-
ferrous materials (stainless steel) and
cannot be used to quantifiably determine
disc stability or opening angle.

UT vs D.C. Magnetics for Check Valve
Position Determination

Presently the most prominent application
of check valve diagnostics is to satisfy
ASME Section XI requirements for full
stroke exercise. There has been a
difference of opinion as to what technology
(UT or D.C. magnetics) was best suited to
be applied for this determination. A
significant amount of research was made in
evaluating the use of ultrasonic and
magnetic (AC, DC, EC) technologies for
determining check valve disc position. UT
provides the user with a linear quantifiable
means to determine disc position. UT can
be applied in a similar means to observe
disc travel or in a stand alone approach
where test conditions do not produce an
acoustic impact. It may also be used to
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validate the authenticity of the impact
event in the case of questions. UT 1s
limited to liquid filled systems. The UT
technology is validated to meet 10CFR50
Appendix B criteria. While an additional
Jevel of training may be required to
understand and implement ultrasonic
techniques, the benefits and quantifiable
attributes clearly outweigh any additional
training requirements. While each
technology has certain desirable features
and benefits, the ability of ultrasonic to
provide quantifiable data is the key
attribute.

Conclusion

When applying non-intrusive testing to
check valves to avoid disassembly and
inspection, several factors are apparent.
Disassembly poses many risks in that the
re-assembly of the check valve could result
in a failure of the valve to properly
operate. The disassembly and inspection
process has a history of initiating problems
to the check valve that would not result
from diagnostics. Many plants have
experienced broken parts as a result of this
activity. Disassembly also produces higher
levels of personnel exposure and
contamination incidents. Diagnostic
sensors can be permanently mounted to
further reduce dose accumulation. With
disassembly, there is the increased risk of
foreign material being introduced into the
system. Non-intrusive testing provides a
proven alternative to disassembly for the
purpose of inspection and testing and
eliminates the risks associated with
disassembly. The observation of a check
valve during normal operating conditions
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provides valuable information that can be
applied for corrective action purposes
whereas a visual observation in a static
condition cannot always indicate the root
cause of wear. Check valve diagnostics
utilize proven methods with both lab
validation, but more importantly, field
verification of techniques that work.

Each technology has strengths and
weaknesses. Each can be utilized to
provide a complete picture of check valve
operability when used in combination with
each other to fit each specific situation.
The user to avoid misinterpretation of the
data must realize the limitations of each
technology. Proper training and continued
use of the equipment is essential to ensure
that users understand all aspects of
applying the equipment and interpretation
of the results. Misapplication of the
technologies as well as improper analysis
of the test results will cause confidence in
the abilities of check valve diagnostics to
waver. When applied and evaluated
correctly, check valve diagnostics provide a
superior alternative to disassembly and
inspection. As non-intrusive test (NIT)
data becomes more widely accepted in our
industry to satisfy Federal Law, the quality
of data gathered is extremely critical.
When applied correctly, these technologies
are the foundation of a check valve
program that exhibits both superior quality
and economic value. A consistent result
from non-intrusive testing throughout the
industry is a significant contribution to the
lowering of O&M costs.

The following table summarizes the main
advantages and disadvantages for all three
technologies discussed.
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Technology

Advantages

Disadvantages

Ultrasonic (UT)

Quantifies disc position and disc
stability; can be used alone to
conclude valve condition

Can only be used in liquid
mediums; requires elevated
user proficiency

Acoustics (AE)

Results are easily trended to
determine degradations; easy to
install and acquire data

Cannot be used alone for
testing to determine a complete
understanding of valve
condition

Eddy Current (EC)

Easy to install; can be used in
any medium; capable of
monitoring entire valve stroke;
data repeatable with valve
specific stroke characterization;

best for rapid stroking valves

Cannot quantify disc flutter or
disc open angle; limited to
stainless steel
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Abstract

An effective CFD methodology is
demonstrated to enable simulations such
as flow around a tilting disc valve inside a
pipe. A chimera overset grid methodology
is used for these analyses, in which
separate grids are created for the valve and
pipe. These grids are then overset on top
of each other and flow solution is com-
puted independently in each grid and with
the necessary information interpolated
between them. This approach is very well
suited for this type of analysis, as the
grid-remeshing problem, resulting from the
valve rotation, is eliminated. The overset
grid methodology in conjunction with
6DOF is shown to be very suitable for
modeling such internal flow problems with
moving bodies.

To demonstrate the efficacy of the
suggested approach, a coupled fluid-
structure analysis was performed on a
tilting disc check valve. The objective of
the work was to determine the steady-state
valve opening position and pressure drop
for various flow rates, and also to estimate
the flowrate at which the onset of valve
flutter may occur.

The work was performed using MDICE
and CDF—ACE+, CFDRC’s general-
purpose multi-disciplinary software
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package. This software contains several
interconnected modules, which can be
implicitly coupled for multidisciplinary
simulations. The work described here was
performed using the flow and 6DOF rigid
body motion modules.

Problem Description

Figure 1 shows a schematic of the problem;
it consists of water flowing through a
circular pipe past a tilting disc check valve.
The valve is closed under the action of
gravity, and opened by the pressure
difference generated by the flow. The valve
also contains a packing material located on
the valve disc pin, which provides
additional resistance to the valve motion.
Unlike the gravity and pressure forces,
though, the direction of the packing
resistance force changes in time to always
resist the valve motion.

Twelve steady-state cases were performed,
at flow rates ranging from 100 to 14,000
gallons per minute (gpm). At each flow
rate, the valve opening position and
pressure drop were determined. In
addition, the flow rate for the onset of
valve flutter (repeated opening and closing
at low flow rates) was estimated by
bracketing the flowrate at which the valve
first opened.

NUREG/CP-0152, Vol. 3



NRC/ASME Symposium on Valve and Pump Testing

Geometry Modelling

The pipe geometry is trivial in the regions
away from the valve. The diameter of the
pipe is 24”. The diameter of the valve disc
is 28”. Hence, in the vicinity of the valve,
modifications had to be made to the
circular cross section to allow for rotation
of the valve. To accommodate this, the
pipe cross section was changed to an
elliptical shape, in which the valve is
allowed to rotate with a very small
clearance to the wall. The resulting pipe
geometry is shown in Figure 2.

The valve geometry was built in AutoCAD
from drawings [1]. The resulting geometry
model of the valve is given in Figure 3.
This valve model was used for calculation
of mass properties (computed in
AutoCAD). The pipe and the valve
geometries shown in Figure 2 and Figure 3
were used as the starting point for
generating the CFD grid.

Grid Generation

The analysis was performed using an
overset grid approach (also referred to as
Chimera technique), in which separate
grids are created for the pipe and the valve
disc. The grids are then overlaid on top of
each other. Flow solution are computed
independently in each grid and then
interpolated between the two to enable
each grid to perceive the effect of the
other. As the valve rotates in response to
the applied moments, the valve grid rotates
with it as a rigid body. This approach
greatly simplifies grid generation issues. It
is much simpler to create two independent
grids, one each for the valve and the pipe,
than to try to create a grid for the single
geometry consisting of the valve sitting
inside the pipe. In addition, grid-remeshing
1ssues are removed as the valve disc
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rotates. The combination of the valve
geometry, tight clearances with the pipe
wall, and large range of motion would
render this problem nearly impossible to
do with classical grid remeshing
techniques.

Figure 4 shows the grid used for the pipe.
Half of the geometry was modeled, with a
symmetry condition applied along the
center plane. A finer grid was used in the
vicinity of the valve where a more
complicated flow field occurs. The pipe
grid contains about 25,000 grid points.

The grid surrounding the valve is given in
Figure 5. Also shown in Figure 5 is the grid
on the valve disc surface. To allow easy
comparison with the valve geometry
(Figure 3), the valve surface grid has been
mirrored across the center plane to show
the entire valve. The valve grid contains
approximately 100,000 grid points.

Figure 6 shows the overlay of the valve disc
and pipe grids for the closed valve position,
and for the valve open position at 14,000
gpm. In the closed position, there is a gap
of about 0.15” between the valve and the
pipe wall. The valve open position (as
shown in Figure 6) is calculated as part of
the solution process. This figure demon-
strates the rigid body rotation of the valve
grid inside pipe.

The Chimera scheme [3] proceeds by
cutting “holes” in each grid in the regions
where the grid overlaps with wall
boundaries, which belong to the other grid.
In this case, the cells in the pipe grid that
overlap with the valve disc are removed
and similarly the cells in the valve grid that
overlap with the pipe-wall are removed.
This results in the configuration shown in
Figure 7.

The cells that are adjacent to these cut
boundaries are called Chimera boundary
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cells. The solution is interpolated between
- the two grids along these boundary cells in
order to make them communicate with
each other, allowing an implicit solution of
the combined problem.

Numerical Model Setup

For the steady-state calculations, interest
in the final valve position and pressure
drop for a given flow rate was desired. For
these runs, the boundary conditions were
fixed mass flow rate at the pipe inlet, and
fixed static pressure at the pipe exit. The
pipe walls and valve surfaces were
modeled with a no-slip boundary condi-
tion. Sufficient pipe length was provided
beyond the valve to allow for pressure
recovery to a uniform level, such that a
fixed pressure boundary at the pipe exit is
accurate.

Flow rates performed during this analysis
ranged from 1,000 to 14,000 gpm. These
flow rates corresponded to inlet velocities
of 0.216 and 3.024 m/sec, respectively. The
fluid (i.e. water) was taken as incom-
pressible with constant properties. The
valve disc motion was computed with a
6DOF model, which for this case reduced
to one degree of freedom, namely rotation
about the valve disc hinge. The valve disc
rotates as a consequence of the net torque
resulting from the fluid pressure, valve
weight, and packing friction resistance.
The 6DOF model is inherently time-
accurate, so these cases were run as
transient solutions until a steady-state
solution was reached.

Multi-Disciplinary Analysis With
MDICE

CFDRC’s MDICE in an advanced
computing environment that was
developed to perform complex
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multi-disciplinary engineering analysis.
Such analysis typically requires several
application modules to be closely coupled.
MDICE provides such an environment,
which enables direct exchange of relevant
data between simultaneously executing
engineering analysis modules [4]. Such an
architecture enables efficient analysis of
multi-disciplinary problems where
different analysis modules exist. Each
module within the environment, namely,
geometry modeling, mesh generation, and
flow solver, is responsible for specific tasks
within the environment.

In the present work, MDICE is used to
couple two CFD—ACE+ modules, which
perform the flow computations and a
6DOF analysis module, which performs
the analysis of kinematics and dynamics of
moving bodies. The two CFD—-ACE+
modules work on the pipe grid and the
valve grid respectively. MDICE enables
the Chimera hole-cutting in the two grids
(as shown in Figure 7) as well as the
solution interpolation to the Chimera
boundary cells in each grid. The 6DOF
module helps integrate the forces and
moments acting on the valve and predict
the motion. All three modules are tightly
coupled in MDICE to perform this
simulation of flow around the tilting valve
inside the pipe.

Results and Discussion

Steady state analyses were performed

for flow rates ranging from 1,000 to
14,000 gpm. Results from the numerical
analysis are the instantaneous valve
position, as well as field values of fluid
velocity and pressure, at discrete instances
in time.

Results from the steady-state solution for
14,000 gpm are shown in Figure 8. The
figure shows the static pressure contours

NUREG/CP-0152, Vol. 3



NRC/ASME Symposium on Valve and Pump Testing

and the flow field velocity contours at the
center of the pipe. Similar plots for the
7,000 gpm case are given in Figure 9. As
seen, the flow field for the 7,000 gpm case
is more complex through the valve region
(since the valve is not open as much),
which results in a larger pressure drop
across the valve. The pressures shown are
in N/m? relative to a zero pipe exit
pressure. A three dimensional view of the
solution in the pipe-valve configuration,
obtained at a flow rate of 14,000 gpm, is
shown in Figure 10, with the valve disc in
the fully open position.

A plot of the valve disc-opening angle vs.
flow rate is given in Figure 11. The
opening angle is measured from the closed
position of the valve. After analyzing the
results of Figure 11, it was found that the
steady state valve disc position was not
unique for a given flow rate and was
dependent upon the initial flow conditions.
For all the cases in the Figures, with the
exception of the ones corresponding to
flow rates of 5,000, 10,000, 12,000 gpm, the
initial flow condition was taken to be that
corresponding to the inlet velocity for the
given flow rate. In other words, at the start
of the simulation, with the valve in the
closed position, the flow everywhere in the
domain is instantaneously brought up to
the desired inlet velocity. The flow impacts
directly on the closed valve, resulting in
extremely high pressures below the valve
disc, which starts the valve disc opening
with a large velocity. For the cases of 5,000,
10,000 and 12,000 gpm, the solution was
started using an initial solution, which was
the converged solution obtained with a
slower flow rate. In this case, the valve disc
does not see the same large impact that it
would have seen had the solution been
started with the correct inlet velocity and
consequently the valve opening is smaller
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for these cases and falls outside the general
trend.

It 1s suspected that the packing friction
resistance may be the result of this effect.
This additional torque is applied such that
it 1s always resisting the direction of
motion. If the valve is opened slowly from
a low flow rate, the frictional resistance
will always be acting to close the valve.
However, if the valve is closed from a
higher flow rate, the frictional resistance
will always be acting to keep the valve
open. Since, the resistance will be acting in
the opposite direction in each case, the
final valve opening will not be the same.

Using this simulation setup, it was found
that at flow rates of 1,000 gpm or below,
the flow was unable to overcome the
torque due to gravity and friction and the
valve did not open at all. At 2,000 gpm, the
valve had a small opening angle. Hence, it
is predicted that flutter or tapping would
occur for flow rates less than 2,000 gpm,
for the given packing resistance. The actual
phenomenon of flutter was not
demonstrated in this simulation.

Figure 12 shows the pressure drop across
the valve as a function of flow rate. This
pressure drop was measured from the
beginning to the end of the elliptical pipe
cross section, (see Figure 2). This is a
nonlinear function of the flow rate and
exhibits a local minimum. This local
minimum results from the interaction of
the flow field and the solid deformaticn.
For a given valve position, a larger flow
rate will result in a larger pressure drop.
However, a larger flow rate will result in a
larger valve opening, which, for a given
flow rate, will result in a lower pressure
drop. The resulting curve is a function of
the interaction of these two phenomena.

In addition, the valve positions for the
5,000, 10,000, and 12,000 cases fall below
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the general trend, as described above.
Therefore, the pressure drops for these
cases are larger than they would be if the
valve had opened to the larger position.

Figure 13 shows the transient response of
the valve position for three flow rates. In
each case, the valve quickly opens and
reaches a near-steady value. The reason
for the fast opening is the initial conditions
used in the analysis as discussed above.
The velocity throughout the domain is
instantaneously raised to the inlet value,
resulting in a large pressure difference
across the valve at the start of the
transient. Once the pseudo-steady position
is reached, the valve oscillation about the
mean value is about 0.5 degrees.

Additional Analysis Without Friction

After performing the analysis with packing
friction, another series of test cases were
run to determine if the packing friction was
the cause of the non-unique valve opening
angles. For these simulations, the friction
was set to zero and thus the valve was free
to rotate unimpeded about its hinge,
damped only by the action of the flow.

The first case run without friction was at a
flow rate of 2,500 gpm. The temporal
response of the valve-opening angle for
this case is given in Figure 14.

The effect of removing the frictional
resistance is immediately apparent, as this
plot shows that the valve oscillates about
an average opening position with a small
amount of damping provided by the fluid.
The average valve position was calculated
to be about 6.5 degrees for this case. The
solution that corresponds to the flow rate
of 2,500 gpm was used as the starting point
to compute the valve-openings at a higher
flow rate (4,000 gpm) and one at a lower
flow rate (1,500 gpm). In addition, the
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valve-openings for these flow rates (4,000
and 1,500 gpm) were also computed by
starting the simulation with an initial flow
field that corresponded to the respective
flow rates. The results for these cases are
shown in Figure 15.

For each case, the mean value of valve-
opening position is the same for both the
restarted and non-restarted runs. This
demonstrates that, without packing
friction, the valve position is a unique
function of the flow rate. This leads to the
conclusion that the valve packing friction is
the cause of the non-unique results seen in
the previous runs. The average valve
position as a function of flow rate is plotted
in Figure 16.

For the flow rates considered, the valve
position is a linear function of the flow
rate. Also, note that the valve is opened
more at 4,000 gpm without friction

(12 degrees) as compared to 4,000 gpm
with friction (8.5 degrees, see Figure 10).
This is to be expected, since the packing
friction will act to oppose the opening of
the valve. Extraction of precise pressure
drop data was difficult because of the
transient nature of these solutions. This is
due to the fact that the valve exhibited a
continually oscillating behavior (about a
mean position) due to the lack of packing
friction and hence the pressure drop across
the valve does not reach a steady state
value. Figure 17 shows the transient
pressure drop response for the given flow
rates of 1,500, 2,000 and 4,000 gpm. The
plots shown in the figure do not appear
smooth because the data required to
post-process the flow field to calculate the
valve pressure-drop was not written out
every time-step. However, much like the
valve opening, it was observed that the
pressure-drop across the valve also
exhibited an oscillatory behavior about a
mean value. For each flow rate an average
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data was approximated, as shown on the
graphs. These average values are plotted in
Figure 18. The pressure drop increases
monotonically, but not linearly, with
increasing flow rate. The exact shape of
this curve will depend on the average
values extracted from the transient plots
shown in Figure 17.

Conclusion

An effective CFD methodology was
demonstrated to enable simulations such
as flow around a tilting disc valve inside a
pipe. A Chimera overset grid methodology
was used for these analyses, in which
separate grids are created for the valve and
pipe. These grids are then overset with the
necessary information interpolated
between them. This approach was very well
suited for this type of analysis, as the
grid-remeshing problem, resulting from the
valve rotation, is eliminated. The overset
grid methodology in conjunction with
6DOF was shown to be very suitable for
modeling such internal flow problems with
moving bodies.

Several cases of the coupled solid/fluid
problem of flow past a tilting disc check
valve have been performed. Steady-state
results were obtained by running a
transient simulation until the solution
became steady (i.c. valve stopped
opening). For each case, the resulting valve
position and pressure drop were
calculated. Also, the flow rate at which
valve flutter may occur was estimated by
bracketing the valve opening flow rate

The solution for the steady-state results
indicated that the valve opening position,
and hence the pressure drop across the
valve, was not unique for a given flow rate.
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This conclusion was arrived at based on
the observation that the valve-opening
position was dependent on the initial
conditions for the given flow rate. The
packing friction may be contributing to
this, since the direction of the frictional
force can change through-out the run. This
was further verified by performing the flow
simulations without using the packing
friction and allowing the valve to rotate
freely. It was observed that the valve-
openings in the absence of packing friction
were unique for the given flow rate and
were not dependent on the initial flow
conditions.
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Figure 1. Problem Schematic
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Figure 2. Geometry Modeling of the Pipe

Figure 3. Geometry Model of Disc Valve
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Figure 4. CFD Grid inside the pipe

Figure 5. Grid used for modeling valve geometry
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Figure 8. Pressure and Velocity Contours @ 14,000 gpm

Figure 9. Pressure and Velocity Contours @ 7,000 gpm
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Figure 10. Isometric view depicting the flow simulation at two different positions of the valve.
The flow rate in the pipe is 14,000 gpm.
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Figure 11. Comparison of Valve Opening Position with Flow Rate

NUREG/CP-0152, Vol. 3 1A-76



NRCIASME Symposium on Valve and Pump Testing

Drop (psi)
T I

Pressure Dro
I

|

1 s ] L |

1.0 08—
0.0

2000.0

40600.0  6000.0  8000.0

Flow Rate {gpm)

10000.0

12000.0

I v]
14000.0

Figure 12. Comparison of Pressure Drop across the Valve for Different Flow Rates

50.0® T — —
Lot
) L
O
L w0 - 14000 gom
o
L
Ee]
Jg X 4
£ L
<
Q
Oo.zo.o - 900C gpm T
© L
>
T 100 - -
2 / -
- 4000 gpm ]
FY0Y o L — L IS IO | .
000 010 020 030 040 050

Valve Opening vs. Time

Time (sec)

Figure 13. Comparison of Valve Opening at Different Flow Rates

1A-T77

NUREG/CP-0152, Vol. 3



NRCIASME Symposium on Valve and Pump Testing

Valve Opening Response
2500 gpm

a
T T M T

g

»
4
e

P
o
v

»
1Y

Avergge = B.5 deg

Volve Dpening Angle {deg)

M.Z R ! " )

. 4
an 19 Al in
Time {sec)

Figure 14. Valve Opening Response for 2,500 gpm.

Valve Opening Response Valve Opening Response

1500 gom non 4000 gpm N
2 T T T , ® T T T T o
&3 p ¢ Restart
~ |3 I~ ;
ap B
© i Restart 8
=) : ~—
= f
©530 - - o
o g
< <
<
i - 4 o
o
c -
g = |
gﬂ - s
(<IN 9 o
v < :; a0 Average = 12.0 deg 2
E Non—Restart g £ hon—Restart
v - s
| |
1 L 1 1 4
: L L L an
a0ds as 1.9 ) ag 1.8 15 20 Fxy
Time (sec)

Time (sec)

Figure 15. Valve Response for Restarted and Non-Restarted Cases

Average Valve Opening vs. Flowrate

1208 : T T r

3
8
-

o
8
T

™
8
T

8
T

Opening Angle (deg)

o
8

-]

1

20060 T ‘ 40000
Flowrate (gpm)

g

Figure 16. Comparison of Average Valve Opening Position for Different Flow Rates

NUREG/CP-0152, Vol. 3 1A-78



NRC/ASME Symposium on Valve and Pump Testing

Pressure Drop (psi)

Pressure Drap Across Valve Pressure Drop Across Valve
= 1300 gpm - 2000 gpm
T Y T ; T " 180 T - T
i =140
140 ~ Average = 1.28 psi - a
a
O 1.4
o
B o
«
g
J 3.
w
&
©
| &
; a
i 1.00
i‘ 3 P Average = 1.33 psi 4
! ;
- 1 R 1 : i ! L = !
% 1) 1.0 1.5 20 2% ] 1.0 20 ig
Time (sec) Time (sec)

Pressure Drop Across Valve

- 4000 gpm
250 ' - ~ v
[ Average = 1.45 psi b
—
&200 -
—
a -
o
=
a
1.50 —
@
e
2
@ -
@
b
a 00—
asom L -
0o

.0 20
Time (sec)

Figure 17. Transient Pressure Drop Across the Valve for Different Flow Rates

Average Valve Pressure Drap vs. Flowrate

1508 . - r T

Py
3
§

S
o
-1

&
T

Pressure Drop (psi)

1
. B
1 20000 000 4000.0
Flowrote (gpm)

|25 : . L

Figure 18. Comparison of Average Valve Pressure-Drop for Different Flow Rates

1A-79 NUREG/CP~-0152, Vol. 3



Session 1(B)

Pump and Valve Performance Issues

Session Chair
R. Scott Hartley
Idaho National Engineering
and Environmental Laboratory



Seat Leakage through Emergency Core Cooling System

Check

alves
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North Atlantic Energy Service Corporation

Abstract

This paper examines issues regarding the
performance of Emergency Core Cooling
System (ECCS) check valves. Seat leakage
experienced though these check valves has
resulted in adverse ¢onsequences to plant
operations. Actions that can be taken to
repair or replace check valves, as well as
mitigate the consequences of such leakage,
will be addressed.

ECCS check valve seat leakage, well within
technical specification limits, has resulted
in numerous undesirable consequences.
Consequences experienced throughout the
nuclear industry, and at Seabrook Station,
include the following:

« pressurization of connecting systems,
resulting in challenges to safety valves
—residual heat removal system (RHR)
and/or safety injection system (SI)

 SI accumulator in-leakage and
out-leakage, resulting in challenges to
technical specification parameters such
that:

- Makeup for out-leakage causes
excessive operation of the Safety
Injection Pumps

- Increased sampling frequency for
potential dilution from in-leakage is
required
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- Boron concentration adjustments
from dilution from in-leakage
causes increased waste processing

- gas voiding of ECCS piping (RHR
and/or SI) from out-leakage occurs

+ Gas collection in ECCS piping caused
by check valve leakage from the RCS to
RHR and/or SI

Seabrook Station conducted an operating
experience review and a comprehensive
survey of thirteen (13) Westinghouse
4-loop plant sites on the issue. Although
the impacts varied from plant to plant,
ECCS check valve seat leakage frequently
occurs due to the configuration of the
ECCS connections to the RCS and SI
accumulators. The manifestation of ECCS
check valve leakage impacting operation of
these plants is prevalent.

Introduction

Check valves leak to a certain degree; the
leakage may be very slight (nuisance)
leakage in the gallon per day (gpd) range
or less. The technical specification leakage
limits for pressure isolation valves (PIVs)
is 0.5 gallons per minute (gpm) per inch of
nominal valve size, e.g., 5 gpm for 10-inch
check valves and 1 gpm for 2-inch check
valves. The basis for PIV leakage rate is
intersystem LOCA concerns. The specified
leakage rates are well within normal
makeup and system relief valves
capabilities, thereby precluding an
intersystem LOCA. To put a typical
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nuisance leakage rate into perspective, a
4 gpd leak rate equates to about 0.003
gpm. Yet, this low leak rate resulted in
significant accumulator level changes and
system performance changes over time.

For a system in a standby condition
(process flow not in progress), the
difference in leakage rates of valves
dictates the manifestation of plant
operational issues. For example, for a
configuration of two check valves in series,
if the upstream check valve has a lower
leakage rate than the downstream one, the
pressure realized in the section of piping
between these two check valves rises to the
pressure upstream of the first check valve
(see Figure 1). In this case, the back
leakage rate through the two check valves
in series, once an equilibrium is reached, is
the rate through the check valve in the
upstream location.

The ECCS design at Seabrook Station, as
well as at a number of other plants,
contains a configuration of check valves
such that back-leakage results in one or
more of the three operational effects noted
above.

Seabrook Station experienced in-leakage
to the accumulators commencing in the
summer of 1997, shortly after startup from
the fifth refueling outage. This in-leakage
necessitated actions to preclude exceeding
technical specification ranges for
accumulator level and boron
concentration. In addition, increased
frequency of sampling of the accumulators
was required.

Seabrook Station has also experienced
some of the other issues seen throughout
the industry. Relief valves lifted due to
pressurization on the SI pump discharge
piping resulting from check valve
back-leakage during transients, such as
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plant startups and pump surveillance
testing. Difficulties have been encountered
during startup operations to seat check
valves to minimize accumulator in-leakage
and out-leakage. During technical
specification venting of the SI pump
discharge piping, gas bubbles have been
observed. Sampling of the vented stream
and further evaluation confirmed that
there was some back-leakage to this
portion of the SI system from the RCS.

Body

Seabrook Station Operating Experience

Figure 2 shows the portion of the Seabrook
Station SI pump discharge piping (cold leg)
and SI test header involved in many of the
conditions and events experienced at
Seabrook Station.

Pressurization of Connecting Systems

Following each refueling outage at
Seabrook Station, in-service testing
personnel monitor the SI accumulators to
determine if the ECCS check valves need
to be reseated. Despite these efforts, the SI
pump discharge header was at accumulator
pressure (approximately 630 psig) for the
duration of the first four and the sixth
operating cycles. For Cycle 5 (December
1995 to May 1997), efforts to seat the
check valves were successful in reducing
the SI header pressure to about 50 psig.
This represents the static head of the
RWST.

The SI pump discharge header relief valves
lifted several times after performing ECCS
pump and valve surveillances. These
activities caused the SI cold leg check
valves (SI-V118, SI-V122, S1-V126, and
SI-V130) to become unseated. The SI
header pressure slowly increased to
accumulator pressure of about 630 psig.
Occasionally, the RCS first out check
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valves also became unseated, exposing the
SI pump discharge header to reactor
coolant system (RCS) pressure. This
resulted in lifting the SI pump discharge
header relief valves set at 1750 psig.

An investigation of damaged bellows in
July of 1996 on SI—-V76, train “B” SI pump
discharge relief valve, found that the relief
valve was challenged by two evolutions.
Trend data for SI pump discharge pressure
and operator logs revealed that two
transients resulted in relief valve lifting and
contributed to the damage: (1) during the
fourth refueling outage, an accumulator fill
operation was conducted, and (2) SI pump
to cold leg check valves became unseated
during an RCS heat-up evolution.
Corrective actions for these events
included procedural guidance, using the SI
test header to vent the SI pump discharge
piping and seat the SI cold leg injection
check valves prior to reaching the relief
valve setpoints.

In January 1998, another event of relief
valve lifting occurred. During a run of
SI-P—6—A, its discharge relief valve,
SI-V-101, lifted. This allowed a flow
path of approx. 40 gpm of RWST water to
the primary drain tank. The SI to hot leg
gate valve sealing face unseated and
allowed the downstream RCS pressure to
communicate with the upstream side. The
corrective action was to revise the
procedure to isolate a pressure locking
valve during SI pump surveillance testing.

Following a forced outage in 1998,
SI-V—101 developed a seat leak and had
to be replaced. The valve condition had
been acceptable prior to this forced
outage. The seat leakage was caused by
challenges to the valve during draining and
filling accumulators (conducted to increase
boron concentration of the accumulators
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due to in-leakage) and SI pump
surveillances. During the draining and
filling of the accumulators, noises were
reported, possibly due to pressure waves,
during operation of the SI accumulator fill
valve (SI-V157).

Similar events of relief valve lifting and
damage have occurred elsewhere in the
industry. These were further addressed
during the industry operating experience
review and by the survey of Westinghouse
plants.

SI Accumulator In-Leakage and Out-leakage

Significant accumulator in-leakage during
steady state operation first occurred at
Seabrook Station in the late summer of
1997. In August, it took several hours to
stabilize decreasing level in accumulator
“D”. The pressure between the two 10-inch
check valves on each of the “A”, “B”, and
“C” accumulators was at normal RCS
pressure (approximately 2235 psig). In
contrast to this, the pressure between the
“D” accumulator 10-inch check valves was
essentially accumulator pressure
(approximately 630 psig). Also, the
pressure at the discharge of the SI pumps
was accumulator pressure. This was
indicative that the 2-inch SI to cold leg
check valve SI—V130 was leaking more
than other valves, including check valves
SI-V96 and SI—V71 back at the discharge
of the SI pumps (see Figure 2).

As discussed previously, the first four
operating cycles at Seabrook Station also
experienced accumulator pressure back to
the SI pump discharge. However,
accumulator level changes, during steady
state operation, were not significant.
Therefore, the August 1997 occurrence
may have been the first indication of a
leakage increase through the 10-inch check
valves closest to the RCS. Although very
small in magnitude (several gpd into the
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accumulators versus 5 gpm per the
technical specification limit), accumulator
boron concentration and level parameters
would need adjustments to maintain them
within the technical specification allowed
values. Having SI—-V130 more leak tight
would reduce leakage into the “D”
accumulator, because the accumulator
10-inch check valve (SI-V51) would
become the seated valve. Since this valve is
more leak tight, as experienced on the
other three accumulators, reduction in the
in-leakage would be expected.

On August 7, 1997, the SI check valve
reseating procedure was stopped, leaving
SI-V-131, V-62 and V-70 (refer to
Figure 2) open to attempt to allow the
system check valves to more fully seat. This
vent path through the SI test header was
maintained for a couple of days. A review
by Engineering of the above lineup
revealed that there is a concern in the
event of a certain single failure and a
postulated pipe break downstream of
SI-V131. A single failure of the “B” train
solid state protection system would result
in a diverted flow through the postulated
break. This would add to the operating “A”
train SI pump discharge path normal flow,
potentially impacting SI pump run-out and
its proper cold leg injection into the core.
A calculation was performed, which
determined that the SI pump run-out
values and the flow through the three most
restrictive flow paths would remain within
technical specification limits.

In September 1997, the “D” safety
injection accumulator was experiencing an
increasing water level of about 4 to

5 gallons per day. The RCS leakage into
the accumulator was diluting the
accumulator boron concentration. ECCS
check valves had been seated as well as
possible. The Safety Injection System
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operation procedure was revised to provide
detailed instructions for seating ECCS
check valves. The SI-V131 vent path was
successfully used, starting in October of
1997, to divert leakage to the primary drain
tank (PDT). The configuration for this
diversion was through SI-V131, SI-V62,
and SI-V70.

Following a forced outage in December of
1997, the “D” accumulator was
experiencing minute out-leakage (an
average of less than a quart per day). The
10-inch check valve closest to the RCS
(SI-V50) was now seated tightly, such that
the leakage through SI-V130 (and/or
possibly SI test header AOVs), as limited
by the check valves back at the SI pump
discharge, was occurring through the now
“floated” accumulator 10-inch valve
(SI-V51). This provided evidence that
there was not significant degradation to the
accumulator check valve (SI-V50). A crud
problem, being transient in nature (i.e.,
deposited and removed by flow initiation
and isolation), was a potential contributor.

The phenomena of variations on which
valves seat, can be partially attributed to
the design of the Westinghouse wire-armed
check valve (e.g., SI-V50 and SI-V51).
They require high differential pressure to
keep them tightly seated and are easily
“floated.” Figure 3 illustrates the nearly
vertical disc position for this valve design.
Because the disc seats at a nearly 0 degree
angle, this valve requires a high differential
pressure to seat. Furthermore, the wire
arm on the disc is not conducive to tight
seating. One of the plants surveyed did
bench testing of the valve and found that,
at several hundred psi differential, there
was 500 ml/minute leakage. This leakage
was gradually reduce to zero, once the
differential pressure was raised to about
1500 psi.
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Shortly after restart from a June/July, 1998
forced outage, accumulators ‘“A’, “B”, and
“D” experienced in-leakage. In September
of 1998, nitrogen pressure was adjusted
and check valves were seated such that,
except for accumulator “D7, the levels of
the accumulators were stable. Accumulator
“D”, once again, experienced in-leakage of
about 4 gallons per day. Dilution of this
accumulator by continued in-leakage
would require action.

In October 1998, a task team was formed
to: 1) devise an acceptable method to
adjust accumulator boron concentration
on-line within technical specification
allowed outage times, and 2) determine
the cause and long term fix to the check
valve leakage/accumulator level problems.
The task team identified the following
issues and actions:

» Develop valve repair recommendations
for the March 1999 refueling outage

+ Review operating experience

» Conduct survey of Westinghouse 4-loop
plants

« Evaluate crud as a contributor to
leakage

» Review procedures related to check
valve leakage issues

» Develop decision criteria for continued
operation in the presence of check
valve leakage

+ Review operator training
» Develop possible design enhancements

« Define multiple department roles in
response to accumulator level changes

+ Reassess earlier recommendations on
the ECCS check valve leakage issue
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» Propose benchmarking trips to plants
with best practices

The most valuable results of the above
efforts pertinent to generic issues in the
industry were provided by the survey of
Westinghouse 4-loop plants. Furthermore,
many of the other issues listed were
resolved, in large part, as a result of this
effort. This paper will therefore focus on
the survey results.

Gas Intrusion into ECCS Piping

Another manifestation of check valve
leakage occurred, during monthly ECCS
venting. While performing ECCS venting,
the presence of gas was observed in the
form of very small bubbles as viewed in the
tygon tubing from the SI system. During
the static venting of the charging pump, the
vented water was observed to be cloudy, as
if aerated. The acceptance criterion of the
procedure was recently changed to “no gas
observed.” This condition was attributable
to gas coming out of solution via the
venting process itself. This degassing of the
fluid in the vented stream is caused by
depressurization to near atmospheric
pressure. As confirmed by ultrasonic
testing, it was not indicative of gas pockets
within the systems. However, gas was
dissolved in the fluid. The source of gas in
the charging pump fluid is the hydrogen
overpressure imparted on the volume
control tank. The SI pump discharge piping
to the cold leg was sampled for gaseous
content and boron concentration. The
results of the presence of hydrogen and
diluted boron concentration demonstrated
there was back-leakage of RCS fluid
through check valves. Studies conducted
for an Institute of Nuclear Power Plant
Operations (INPO) report addressing
potential loss for high pressure injection
and charging capability from gas intrusion
identified the potential for nitrogen gas
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pockets in ECCS piping as result of
accumulator out-leakage.

Industry Operating Experience

Operating experience documents
concerning check valve leakage in the
ECCS system were researched. Both INPO
reports and NRC reports were reviewed.
Due to the proprietary nature of the INPO
reports, only the NRC-associated reports
are presented in this paper. Table 1is a
summary of the events described in these
NRC reports.

Review of these events revealed that
documents were generated only in the
event of high leakage flow rates, significant
relief valve lifting, impacts of safety
injection test header valves on the ECCS
function, or if leakage resulted in voiding
in the upstream portion of an ECCS
subsystem. Chronic low level leakage
cases, such as what Seabrook Station was
experiencing, are not generally reported.
The first INPO report of similar
“nuisance” leakage was generated in
January of 1999.

The only report made by North Atlantic
for Seabrook Station was LER 98—002.
This LER reported that an error in the use
of ultrasonic detectors for flow
measurement resulted in the potential for
SI pump train A to exceed its maximum
flow requirement (pump run-out concern),
upon signal failure of the “B” train solid
state protection system (SSPS), and the
test header valve SI-V131 open. The LER
reported that SI-V131 had been open to
minimize the effects of check valve
back-leakage. This LER was later
withdrawn, based on an engineering
evaluation that concluded that an assumed
postulated break in the NNS test header
piping was not a credible event.
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Of the eleven (11) reports in Table 1, only
one is indicative of accumulator
in-leakage. This was a report by Comanche
Peak 2 (LER 93—-010), where required
boron samples were not taken when check
valve leakage resulted in accumulator level
increase of 15 percent over a 24 day
period. This represents close to 40 gallon
per day leakage, an order of magnitude
higher than what has caused the 1998
dilution of accumulators at Seabrook
Station. This report was made only because
the technical specification for sampling for
accumulator boron concentration was not
met. This indicates that there are other
examples where accumulator in-leakage is
experienced but not reported.

Although not as common as accumulator
out-leakage, the survey of Westinghouse
plants revealed that accumulator in-
leakage has, in fact, occurred at a number
of plants. Accumulator out-leakage is more
common and has resulted in the condition
described in NRC Notice 97—-040 of
nitrogen gas pockets forming in the ECCS
discharge piping. Excessive safety injection
pump runs for makeup for out-leakage was
another concern identified through the
survey. Moreover, the survey of 4-loop
Westinghouse plants revealed a number of
insights regarding some of the reported,
published events, along with evidence of
chronic, low-level, nuisance leakage of
ECCS check valves and its manifested
impact on plant operations. Similarly, a
review of several NRC inspection reports
further confirmed that chronic low-level
RCS and accumulator leakage resulted in
undesirable impacts on plant operation.

Survey of Westinghouse 4-Loop Plants

The North Atlantic task team conducted a
comprehensive survey of Westinghouse
4-loop plants in order to: 1) gather data on
industry operating experiences regarding
ECCS check valve seat leakage operational
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impacts, along with causes and
contributors, and 2) ascertain best
practices in the areas of check valve
seating methodology, and maintenance and
design of check valves and systems. It was
stipulated that names of plants would not
be published.

Of the seventeen (17) surveys sent out,
thirteen (13) responses were received. An
evaluation of these results follows (each
heading is the statement of the question
being addressed):

1. Do you have difficulties seating the
ECCS check valves on the SI
accumulators and/or back to the SI or
RHR pump discharge piping?

This question assesses the experience at
other plants associated with difficulties in
seating check valves to ensure that leakage
back to the accumulators and SI or RHR
piping do not result in operational impacts.
Twelve (12) out of the thirteen (13)
respondents indicated that they have or
have had difficulties associated with
seating ECCS check valves.

The conclusion from the responses to this
question is that nuisance ECCS check
valve leakage (problems with complete
seating) is a very common problem among
4-loop Westinghouse plants. While a
number of plants are currently having
problems, some plants have corrected, or
effectively reduced the problems such that
operational impacts are currently not
significant. Details of such actions were
provided in response to later questions and
are discussed below.

2. How long, following a plant startup,
does it take to achieve satisfactory
ECCS check valve leakage rates, i.e.,
how long is the ECCS check valve
seating activity? What organization
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(i.e., Operations, IST group, System
Engineering) performs this ECCS
check valve seating function?

Seabrook Station has experienced
difficulties in achieving satisfactory ECCS
check valve leakage, such that venting
(e.g., via SI—-V131) has sometimes been
required for a couple of days and/or
accumulator in-leakages have been
difficult to reduce to a minimal level. A
concern existed that only two “experts”
from the Component Engineering group
are proficient in controlling and resolving
ECCS check valve seating issues during
plant startups. This question was generated
to assess the experience at other plants.

There was somewhat of a correlation of
the magnitude of problems experienced
during check valve seating and the
organization that was in charge of such
evolutions. In three cases where there did
not appear to be particular seating
problems during startup activities,
Operations was the responsible
organization. In three other cases where
problems have been experienced and at a
fourth plant site that had two recent
problems during startups, System
Engineering is indicated as the responsible
organization. Three plant sites indicated
that Operations was the lead, but
depended on System, Support, or IST
Engineering to support such evolutions.

There was a wide variety of responses to
the question of the time it took to perform
the seating. One plant has experience that
indicates that they may have check valve
seating problems during startup that result
in accumulator level changes, but because
of accumulator level monitoring
limitations, they do not realize it until
later. That plant indicated that, about a
week following startups, leakage into
and/or out of accumulators is often
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detected. The accumulator level trends are
only available via operator logging,
recorded once every three hours. In
contrast to this, Seabrook Station uses the
plant computer to continuously and closely
monitor accumulator levels during check
valve seating evolutions.

An interesting finding is that one plant site
obtained a technical specification change
in 1994 that allows them to close an
accumulator MOV for 24 hours and be
inoperable on boron for 72 hours.
Consequently, they perform their PIV
testing at normal operating pressure, thus
providing better test leakage results. Such
a technical specification would also allow
for more time to correct an accumulator or
check valve leakage problem. The
technical specification change was based
on a PRA evaluation. The Westinghouse
Owner’s Group (WOG) is involved in a
similar generic technical specification
change.

3. Have you employed any check valve
seating methods that you consider
effective? Are they proceduralized?

Based on leakage concerns for ECCS
check valves during startup evolutions and
upsets of check valves during surveillances
that may cause leakage at other times,
Seabrook Station has developed a detailed
written guidance for seating check valves.
This guidance is included in the safety
injection system operation procedure. It
involves pressurizing at various points,
including the use the SI test header
isolation valves (for example, SI-V131)
and a safety injection pump. The safety
injection pump is also used to “float” check
valves in attempts to achieve a better
seating condition upon reseating. This
procedure is considered effective, but some
difficulties are still encountered. The
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purpose of this question was to determine
the experience at other plants.

The responses to this question generally
revealed that other plants use the same
techniques as used at Seabrook station.
Some respondents noted, as Seabrook
Station has also experienced, that
achievement of a high differential pressure
across a check valve is effective in seating
check valves.

4. Do you have any ECCS check valves
leaking right now? If so how much (is
the order of magnitude gpd, gph, or in
the gpm range)? What system does it
affect—accumulators, RHR, or SI?

The purpose of this question was to
determine whether there are current
problems and at what type and magnitude
at other plants, during steady state
operations. Seabrook Station had
pressurized SI discharge piping
continuously for the duration of each
operating cycle except for cycle 5 and
during cycle 7 to date.

Nine (9) of the thirteen (13) respondents
indicated that there is currently some
check valve leakage that manifests itself in
plant operation challenges, namely
pressurization of upstream systems (both
SI and RHR) and/or accumulator level
changes.

5. Do you have an administrative limit for
acceptable ECCS check valve leakage?
Is the value different from the technical
specification PIV leakage limits?

The purpose of this question was to
determine the industry practices with
regard to actions taken in the event of
ECCS check valve leakage that is within
technical specification limits, but can result
in undesirable impact on operation of the
plant.
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Out of the thirteen (13) respondents, eight
(8) indicated that they did not use
administrative limits. Technical
specification limits were used as limits.
One plant site uses an “ALERT” level,
based on increasing trends of IST testing
results. When such an “ALERT” condition
occurs, the valves require more frequent
testing. One plant site (plant E) has an
informal administrative limit (typically 10
to 25% of technical specification limits)
above which the affected valve is scheduled
for inspection/repair at the next refueling
outage.

Two plant sites indicated that, although
they do not have special administrative
limits, whenever check valve leakages
result in operational problems, action is
taken to identify the valves and repair
them. It is noted that one of these two
plant sites indicated (see response to
question 4) that they are currently not
experiencing ECCS check valve leakage of
any significance. However, they are
operating with a pressurized SI test header,
attributed to test header check valve and
AQV seat leakage.

One plant site respondent indicated, “We
are targeting zero for maintenance
purposes. If we detect any leakage, we
make plans to go in and repair the valve.”
The only current leakage problem at this
plant is accumulator out-leakage to the
RHR system at a rate of about 6 to 7 gpd.

The above demonstrates that the industry
has not developed strict criteria for
nuisance leakage concerns. However, three
plants are implementing repairs based on
operational impact or a zero leakage
policy. Two of these plants appear to be
currently experiencing very few operational
problems related to ECCS check valve
leakage.
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6. How does or has check valve leakage
impacted your operation (manifested
itself)?—Accumulator level changes
(up or down)? Boron dilution in the
accumulators? Relief valve lifting?
Overpressurization of the ECCS
system? Do you or have you operated
with the RHR or SI pump discharge
piping at accumulator or RCS
pressure? Do you perform RHR or SI
system venting?

The purpose of this question is similar to
that of question 4, except that it examines
both past and current experience and asks
for more specifics on the manifestation of
problems. Twelve (12) out of the thirteen
(13) respondents indicated that they have
or have had one or more of these
difficulties associated with leaking ECCS
check valves.

One site indicated that they had
historically experienced all of the problems
cited in the question. Their most visible
problem was chronic accumulator
out-leakage. It was determined that, in
addition to ECCS check valve leakage,
there was leakage through AOVs in the SI
test header. Based on the consequential
accumnulator level decreases, the SI pumps
were operated frequently in order to refill
the accumulators. This resulted in a
significant concern associated with
potential damages associated with
excessive cycling of the SI pumps. The
peak number of pump runs occurred in
1994 (about 320). Therefore, this plant
conducted a survey of a few other plants
(see Attachment 4), which demonstrated
that accumulator out-leakage was a
common problem. This plant is currently
down to about 10 pump runs per year
(including quarterly surveillances). It is
noteworthy that this same plant is not
currently experiencing ECCS check valve
leakage of a magnitude that results in a

NUREG/CP-0152, Vol. 3



NRC/ASME Symposium on Valve and Pump Testing

significant operational impact. They
modified their 10-inch check valves
(different style from Seabrook Station) and
conduct check valve seat lapping and
careful blue checks.

Of the eleven (11) remaining respondents,
the experiences cited in the question are
being or have been experienced, as follows:

* Accumulator in-leakage—five (5)
respondents

 Accumulator out-leakage—seven (7)
respondents

 Boron dilution—three (3) respondents

 Relief valve lifting (challenge to
potential overpressure)—seven (7)
respondents

» RHR pump discharge pressurization
from accumulator and/or RCS source—
seven (7) respondents

» SI pump discharge pressurization from
accumulator and/or RCS source—ten
(10) respondents

* Perform RHR or SI Venting—Two (2)
respondents only stated that monthly
venting of ECCS discharge piping was
conducted, one (1) respondent
indicated that venting was conducted to
reseat check valves when unseated by
system transients, four (4) respondents
indicated that venting was conducted to
reduce pressure in the RHR pump
discharge line, and four (4) respondents
indicated that venting was conducted to
reduce pressure in the SI pump
discharge line.

The conclusion from the responses to this
question is that manifestation of ECCS
check valve leakage impacting operation of
plants is prevalent. Repair efforts,
including lapping and careful blue
checking, appear to be effective in
minimizing problems.
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7. What style, vendor, and model do you
use for the 10-inch, 6-inch, and 2-inch
sizes in ECCS check valves
application? Are soft-seated valve
designs used—high temperature
concerns preclude its use?

It would normally be expected that smaller
check valves would result in lower leakage
rates than Jarger check valves. However,
based on the experience at Seabrook
Station, this is not always the case. The
style of the check valve, and perhaps
vendor and model, may contribute to the
leak tightness of the valves. In addition, the
use of a soft-seated design would be
expected to be more leak tight.

The responses to this question did not
reveal any significant correlation between
check valve vendor/styles/models and
performance. The six and ten-inch ECCS
check valves were all swing type check
valves. Some are inclined and others
vertical style. The two-inch check valves
were all piston type check valves.

None of the respondents indicated that
they used soft-seated valves. As deter-
mined during Seabrook Station design
enhancement efforts, there are limitations
associated with the use of soft seats. As
one respondent stated, “ . . . they would
have to be environmentally qualified for
RCS out-leakage (i.e., design temperature
~ 650°F) and post-accident conditions
with an extended duration of recirculation
flow passing through the valve (i.e.,
integrated radiation dose could be a
concern.”

The conclusion of these responses is that
the vendor, style, or valve type is not that
important to better performance. Given
that the use of a more leak tight soft seated
valve may not be feasible, metal to metal
seats are prone to some leakage. This
leakage can be minimized, such that
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operational impact is reduced, through
repair of valves.

8. What are the typical leak rates as
determined by routine IST leakage
testing for ECCS check valves?

In order to result in adverse operational
impacts, significant (but still may be very
low) leakage would have to be occurring
through two or more check valves. For
example, the leak rate through one 10-inch
valve, by itself may be high, but the leak
rate through another one in series may be
low enough to preclude significant
operational impacts. On the other hand, if
one of a series of valves is leaking more
than others, it can result in adverse impact
because differential pressures are not high
enough to provide more leak tightness to a
valve. For example, a two-inch valve on the
SI cold leg could impact proper seating of
the 10-inch vertical check valves. The
purpose of this question was to ascertain
whether there is a correlation of check
valve testing results to operational impacts.
This is to determine if lessons can be
learned, such that test results can be
utilized in this regard.

Unlike at Seabrook Station, most plant
sites do not attempt to establish actual leak
rates during IST leakage rate testing. In
many cases, once the conditions are
established such that the testing
demonstrates that the valves meet the
technical specifications, the “call” for the
test leakage is made, and the test is
terminated. Furthermore, many plants
conduct tests on groups of valves, rather
than attempt to establish a flow rate for
each valve.

The range of IST flow rates is generally in
the gpm range, as opposed to the gpd
range, which can result in operational
problems. Often, the need for corrective
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maintenance is determined by operational
impact as opposed to test results. Special
tests are sometimes conducted to verify
that a suspect valve is leaking once its
leakage results in adverse operational
impacts.

Notwithstanding the above, attempting to
establish actual leakage rates as Seabrook
Station does, provides more evidentiary
data to establish the source of leakage, if it
does manifest itself in operational impacts.

The conclusion of the evaluation of the
responses to this question is that IST leak
test results are not being broadly used to
ascertain the condition of check valves.
Leak rate test results can provide valuable
information. Conversely, plant sites have
been successful in the identification of
which valves are in need of repair, even
with less precise IST testing data.

9. What causes have you determined for
ECCS check valve leakage?

Problems cannot be effectively corrected
unless causes are determined. The purpose
of this question is to determine the
industry-learned causes for ECCS check
valve leakage. This information may lead
to more effective solutions to the
problems, including design and/or repair
efforts.

The predominant causes cited involved the
smoothness of seating surfaces, the need
for high differential pressures to achieve
and maintain leak tight seating, and
distortions of seating surfaces during
installations.

10. Has crud ever been determined as a
possible cause or contributor to ECCS
check valve leakage? If so, how was
crud determined to be a contributor?
Have special crud cleanup evolutions
been implemented and successfully
corrected the problem?
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The IST data for some of the first out
10-inch check valves at Seabrook Station
has demonstrated alternately significant
leakage and then zero leakage. This may
be indicative of transient crud depositions.
If crud gets deposited on the seat, it may
result in leakage. The leakage may later be
dislodged during a flow test or transient
and the leakage rate returned to zero.
Other possible causes for changes in leak
rate test results are limitations in the
ability to apply and maintain the required
differential pressure, slight differences in
seating and its effect on location of
imperfections that may result in leakages,
or instrumentation limitations. This
question was to determine the experience
in the industry as to whether transient crud
deposition is a viable cause or contributing
mechanism for ECCS check valve leakage.

Eight (8) of the thirteen (13) respondents
indicated that crud is not a possible cause
or contributor to ECCS check valve
leakage. Based on telephone conferences
and some written responses, respondents
assumed that if the crud was not visible,
then it was not a contributor. For example,
one respondent indicated that it was not of
concern, as crud had not been found upon
disassembly. However, it is not necessarily
the case that crud would be found, because
the crud may be removed by a subsequent
flow transient. Of the five (5) remaining
responses, evidence of dirt, corrosion layer,
or film was noted in four cases and the fifth
case indicated suspicion of crud, but it was
not a definitive cause.

The conclusion from the above responses
is that the contribution of crud to check
valve leakage is a viable cause, although it
is difficult to definitively establish.
Flushing may alleviate the problem; this
could not be done on line for first out
check valves. It is in effect, however,
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accomplished via system flow balancing
and check valve flow stroking during
refueling outages.

11. Have you repaired check valves or
implemented new PMs that have been
effective in reducing ECCS check valve
leakage?

The purpose of this question is to
determine best practices in the industry.
Note that excessive maintenance can
potentially be a problem. Therefore, for
practices to be considered among the best,
an assessment of correlation of these
practices to demonstrated success in
minimizing ECCS check valve leakage is
necessary.

None of the thirteen (13) respondents
indicated that they had an intrusive PM
program for ECCS check valves. However,
one plant must disassemble and inspect
one of the second out 10-inch accumulator
check valves in accordance with their IST
program (since they cannot full stroke
these valves). Most plants have repaired
valves, in response to identification of
check valve leakage. One plant is
implementing a program to reduce the
number of disassembly and inspections and
doing more non-intrusive PMs. One plant
has repaired check valves in other systems,
where leakage had been of concern, but
there have not been significant check valve
leakage concerns in the ECCS system to
date.

Four (4) of the plants specifically stated
that they conducted repairs based on
operational impact during the cycle. Two of
these four did testing during the outage to
confirm that a particular valve was leaking
and was to be repaired during that outage.
As evidenced by the response to question 5
and other responses to question 11, other
plants also rely on operational impact to
make decisions on repairs to valves. One
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plant’s experience illustrates the
importance of operational experience
versus IST test data. Based on accumulator
out-leakage during operation and high SI
header pressure (about 600 psig), one of
the SI discharge header 2-inch check valves
was disassembled and repaired. Its
measured IST tech spec leakage before
and after this repair was 0 gpm. The repair
consisted of a light lapping of the seat. This
effort (or possibly flowing through the
valve that removed crud) was successful in
terminating accumulator out-leakage.

Two plant sites, both with good experience
with minimizing ECCS check valve
leakage, provided input concerning the
quality of repairs and inspections. One
plant indicated that they now utilize
Prussian blue & try to achieve 360° contact
across 1/4 — 3/8” radial surface. They
utilize both a Prussian blue and a neo-lube
blue check for Kerotest 2-inch piston check
valves to provide redundant checking.
They now place significant emphasis on
ECCS check valve maintenance and on
inspections for checking tolerances
(hinge-pin, clapper, ...). There is also an
increased focus on foreign material
exclusion throughout the primary systems.
One plant has refined its maintenance
procedures since discovering operational
problems associated with ECCS check
valve leakage. These refinements primarily
deal with the valves’ seating surface
condition, ensuring the best possible disc
to seat contact as well as maintaining
vendor tolerances.

The conclusion from the above response is
that careful inspections, maintenance and
checks on the competed work effort are
necessary to ensure that the contact
between the seat and disc is as complete as
possible. Decisions to repair are based on
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operational impact and validated by IST
results.

12. Have you replaced ECCS check valves
(like for like) and thereby successfully
reduced leakage?

In 1990 and 1991, Seabrook Station
changed out parts to SI-V130, such that
essentially it became a like for like
replaced valve. As discussed previously,
manifestation of operational impact of
leakage persisted. During the sixth
refueling outage, an attempt was made to
repair this valve, and it had to be replaced.
Due to obsolescence of this valve, the
replacement valve was not exactly
like-for-like, but is still a piston style,
2-inch check valve. This valve and the
other three existing similar valves are, thus
far in this cycle 7 (May 1999 to date),
exhibiting good performance. The purpose
of this question, which was formulated
prior to the replacement of SI-V130, was
to determine what the industry experience
was with check valve replacement.

Out of the thirteen (13) respondents, three
(3) have essentially replaced like for like
valves, and a fourth respondent plans to
replace valves. In three (3) of these four
(4) cases, the 2-inch piston check valve
(similar to SI—V130 for Seabrook Station)
have or are planned to be replaced. The
other plant site has replaced a first out,
10-inch check valve. As discussed in
response to question 13, some plants have
done or are planning modifications to
some check valves.

The respondent at one plant site indicated
action that is very similar to the action
taken at Seabrook Station for SI-V130.
They have replaced the 2-inch cold leg
injection check valves in both units with a
later generation of piston check valves
from Edwards. The replacement was with
fourth generation check valves that do not
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have seal welded bonnets, but is
considered a like-for-like replacement.

The respondent at the another plant site
indicated similar actions for 2-inch piston
type check valves. They had four (4) 2-inch
check valves scheduled to be replaced for
the Unit 2 plant during the refueling
outage in the spring of 1999. This included
two SI to hot leg Kerotest check valves due
to leakage data trending, and two SI to
cold leg Kerotest check valves that were to
be replaced as determined necessary by
special testing once the unit was shutdown.
A follow-up discussion with this
respondent determined that three of these
valves were, in fact, replaced. In addition,
two SI to cold leg Kerotest check valves
were replaced on Unit 1 in the spring of
2000. These replacements were successful
in alleviating high pressure at the discharge
of the SI pumps and accumulator level
decreases.

The above responses demonstrate that
replacement of check valves (like-for-like)
has been successful, that damage has been
found in the industry beyond the ability to
repair valves, and that 2-inch piston check
valves have more often had to be replaced
than other ECCS check valves.

13. Have you implemented any design
modifications to reduce ECCS check
valve leakage or to mitigate its effects,
such as check valve replacements with
different styles, system design pressure
changes, SI test header back-pressure
control, venting systems, alarms, etc.?

The purpose of this question was to
determine industry experience with regard
to design modifications to reduce ECCS
check valve leakage and to mitigate its
effects. This information provides input
into possible design enhancements for
Seabrook Station. Six (6) out of the
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thirteen (13) respondents indicated that
they have or plan to implement such design
modifications.

Two (2) of the respondents made
modifications to check valves (one was
successful and the other not). One (1) is
considering a design change to the 2-inch
check valves. These three cases are
discussed further, below.

The successful design change to check
valves occurred at one of the plant sites.
This involved the 10-inch check valves.
These were non-Westinghouse
bonnet-hung disc valves. The design
change is unique to this style of valve. It
does not apply to the other plants
surveyed, which utilize Westinghouse swing
check valves in this application.

An unsuccessful design change for check
valves occurred at another site. Upon
disassembly of 2” piston check valves, it
was found that they had damaged seats. On
four (4) of these 2-inch valves, the seat
angle was modified. However, the leakage
appeared to get worse, so the seat
configuration was returned to the original
design.

One plant site is considering a design
change to the SI to cold leg check valves.
They are generally unhappy with the
performance of the Kerotest 2-inch piston
checks and are considering a replacement
style and model. Another plant site in this
utility system has the lead on this decision.
A possibility is an Anchor Darling 1878
swing check valve. A non-Westinghouse
unit has experience with this style of check
valve.

Two (2) of the respondents have increased
the design pressure of the SI pump
discharge piping header. A third
respondent indicated that this was pursued
by its Unit 2 plant as a contingency to a
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continued need to vent off the SI discharge
piping to reduce pressure (via a plant
modification), but was not implemented
because of the success in reduction of
pressure by the replacement of four 2-inch
SI cold leg check valves.

Four (4) respondents have implemented
plant modifications to mitigate the
consequences of ECCS check valve
leakage. In all four (4) of these cases, thd
design modifications are not currently
being utilized because the ECCS check
valve leakage has been reduced such that
the operational impact is currently
alleviated. In these four cases, design
changes were made to allow:

» Draining leakage on the back side of
check valves via the SI test headerto a
waste tank

o Continuously venting SI discharge
piping to less than 1750 psig

« Venting pressure in both the RHR and
SI discharge piping—included a
leak-off line with an orifice, routed tQs
the containment sump

« Venting RHR discharge piping via
regulating/relief valve to the holdup
tank

The operation at Seabrook Station, in the
fall of 1997, of continuous venting of the SI
discharge piping via SI-V131 (see figure
2) to the PDT is similar to the mitigating
design changes described at other plants.
Sufficient backpressure must be
maintained to avoid draining the RWST.

14. Do you require a containment entry to
sample the accumulator boron
concentration? Do you have the
capability to sample the accumulators
from outside the containment?
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This question is based on the Seabrook
Station experience with in-leakage to
accumulators. This resulted in volume
changes such that sampling and analyzing
for boron was required more frequently. In
the case of Seabrook Station, there is no
capability to sample the accumulators from
outside containment. Therefore, sampling
of the accumulators requires a
containment entry.

A recent study of the number of
containment entries determined that
Seabrook Station conducted far more
containment entries than the rest of the
industry. The frequency of accumulator
sampling results in a potential impact on
this statistic. If, on the other hand, there is
the capability to sample from outside
containment and that capability is utilized,
an increase in the requirements to
sampling because of accumulator volume
changes does not impact the number of
containment entries.

It was found that all thirteen (13) of
thirteen (13) respondents indicated that
they had the capability to sample the
accumulators from outside containment
and that they utilized this capability.
Therefore, Seabrook Station may be the
only Westinghouse four-loop plant without
this capability. '

The implementation of a design change at
Seabrook Station to provide this capability
would be very costly, especially because it
is a significant back-fit. The location of the
local sample connections is in a relatively
low dose rate and low temperature area.
The benefits of such a design change,
therefore, are not warranted based on the
costs.

15. Have you ever raised the boron
concentration (e. g., because of dilution
from check valve leakage) in the
accumulators? If so, what methodology
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was used—feed and bleed, drain and
fill, etc.?

Seabrook Station needed to raise the
boron concentration of accumulator “D”,
in November of 1998, because of
in-leakage from the RCS. The normal
design path for this was via drain and fill
through the same connection. During
shutdowns, this method had been found to
be inefficient. Furthermore, there was a
concern that the change in accumulator
pressure associated with a change in level
could result in further upset of check valve
seating. Therefore, a procedure change
was made that involved a feed and bleed
method. The feed path was the normal
accumulator fill path and the bleed path
was through a sample connection to a hose
routed to the containment sump and
ultimately to the floor drain tanks. This
allowed for a sufficient increase in boron
concentration within the eight (8) hour
allowed outage time of the accumulator.
The purpose of this question was to
ascertain what similar experiences may
have occurred within the industry, such
that additional lessons may be learned.

An additional question was asked, via
telephone conferences or follow—up
telephone calls, concerning the technical
specifications for boron concentration of
the RWST and the accumulators. If the
lower end of the band of the required
accumulator boron concentration is
sufficiently below the RWST required
concentration (the source of fill and
makeup to the accumulators) this would
eliminate or minimize the need for raising
the boron concentration. The Seabrook
Station required range for boron
concentration is 2600 to 2900 ppm for the
accumulators and 2700 to 2900 ppm for the
RWST. Although the lower end of the
range for the accumulators is lower
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(100 ppm) than that for the RWST, it is not
significantly low enough to preclude the
need for raising the boron concentration
with a sustained period of accumulator
in-leakage.

Five (5) of the thirteen (13) respondents
indicated that they had conducted at least
one evolution of raising the boron
concentration of an accumulator. Three (3)
other respondents indicated not in recent
history or not in their recollection. The
remaining five (5) indicated that they had
not performed such an evolution.

Of the five (5) respondents that had raised
the boron concentration of accumulators,
three (3) indicated that the evolution was
done by feed and bleed and two (2)
indicated a drain and fill evolution was
performed. Generally, a long time is
needed to accomplish these evolutions.
There was an event in 1987 where the
plant had to shutdown due to accumulator
in-leakage at a rate such that this feed and
bleed method was not sufficient to increase
the boron concentration quick enough to
return the accumulator to operable status.

These plants used sample lines (remotely
operated unlike at Seabrook Station which
provides for local sampling only) for the
drain/bleed path. The Seabrook Station
method used a hose connection attached to
the sample connection for the bleed path.
The advantage of this is that a feed and
bleed rate of 40 gpm as opposed to 1 to

5 gpm was achieved. This allowed for a
shorter time to achieve the desired boron
concentration increase.

Of the five (5) respondents who provided
boron concentration requirements, only
one had a significant difference (more than
200 ppm) between the low end of the
accumulator and RWST boron
concentration. This plant has a difference
of 400 ppm for the lower end of the band.
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They stated: “Our Tech Spec Accumulator
boron concentration range is 2000 to

2600 ppm, with RWST limited to 2400 to
2600 ppm, so we don’t expect to ever have
a concentration problem on line unless
gross leakage occurs.”

Conclusion

The issues at Westinghouse 4-loop plants
vary, but ECCS check valve seat leakage is
inherent in the design of the ECCS
connections to the RCS and SI
accumulators. The manifestation of ECCS
check valve leakage impacting operation of
these plants is prevalent. Vendor, style, or
valve type is not that important to better
performance. Check valves with metal to
metal seats are prone to some leakage.

The most common comment of
Westinghouse 4-loop plants in seating
check valves is that a significant
differential pressure across the valve is
required to seat them. Establishment of a
large differential pressure is necessary to
seat the Westinghouse 10-inch vertical
swing check valves. Once seated, these
valves have very good leak tightness.

Leakage through the 2-inch piston check
valves in the SI system is the most
prevalent problem throughout the industry.
Considering their smaller size, they are not
as leak tight as swing check valves. Proper
alignment of parts for proper seating
appears to be an issue. In addition, damage
of seating surfaces is more frequently
encountered. Replacement of these valves
has been common, as repairs are often
unsuccessful.

Check valve maintenance, including
lapping of discs and ensuring
vendor-recommended tolerances are
maintained, has been effective in reducing
check valve leakage. The plants that have
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had minimal problems pay careful
attention to maintenance. Careful
inspection techniques (e.g., effective blue
checks and tolerance checks) are also
important.

The conclusion of this study is that ECCS
check valve seat leakage presents
significant plant operational challenges.
Plant staffs must be diligent in efforts to
reduce, monitor, and mitigate the effects of
such leakage. Some of the resultant key
recommendations to enhance diligence in
this regard are:

» ECCS check valves should be
disassembled for inspections and
repairs at the subsequent refueling
outage following determination that
trends for IST leak rate tests and
operational experience indicate that
they are contributing to significant
operational impacts.

» The design pre