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SUMMARY

Practical and cost-effective methods are to be evaluated and iden-
tified for detecting, monitoring, and assessing the severity of time-
dependent degradation (aging and service wear) of check valves (CVs) in
nuclear plants under the Nuclear Plant Aging Res:arch Program of the
Nuclear Regulatory Commission (NRC) Office of Nuclear Regulatory Re-
search. These methods are to provide capabilities for establishing deg-
radation trends prior to failure and developirg guidance for effective
inspection, surveillance, and maintenance.

This report is the first of three on CVs and addresses failure
modes and failure causes resulting from aging and service wear, recom-
mended surveillance and maintenance practices, and measurable parameters
for detecting degradation prior to failure. The results presented are
bised primarily on information from plant operating experience records,
plant operators, and equipment manufacturers. The two reports that fol-
low will address, respectively, (1) assessment of inspection, surveil-
lance, and monitoring techniques through testing and (2) recommendation
of guidelines for monitoring methods and maintenance to ensure opera-
bility under normal and emergency conditions.

This report briefly reviews typical CVs in boiling-water reactor and
pressurized-water reactor nuclear power plants in terms of functional
requirements, materials of construction, and operational stressors that
contribute to aging and service wear under both normal and emergency op-
erating conditions.

Operating experiences reported in data bases for nuclear power
plants and in nuclear industry reports were examined. These data bases
included the Licensee Event Report (LER) file, Nuclear Plant Reliability
Data System (NPRDS), and the In-Plant Reliability Data System ( IPRDS).

Information was obtained from component manufacturers by reviewing
their literature and in direct discussions with their representatives.
The subjects addressed were failure modes, failure causes, and manufac-
turer-recommended surveillance and maintenance practices. Five fallure
modes were identified: failure to open, failure to close, plugged, re-
verse leakage, and external leakage. Fallure causes for each failure
mode were then identified at the subcomponent or subassembly level.

Manufacture:-recommended surveillance and maintenance practices are
general in nature, although detailed instructions for repair of internals
are sometimes provided. These practices include obturator movement and
external leakage checks, exercising, bonnet (or cap) joint inspection,
repair of internal parts, and reverse leakage repair.

Failure modes are examined in this study by identifying methods for
detecting fallure modes and differentiating between failure causes. The
report identifies measurable parameters (including functional indicators)
currently used for irspection, surveillance, and monitoring. They con-
sist of force or torque for obturator movement, pressure, temperature,
flow rate, reverse leakage rate, fluid level, and noise. The report also
fdentifies parameters potentially useful for enhancing detection of deg-
radation and inciplent failure; these parameters include dimensions, bolt
torque, nolse, appearance, roughness, and cracking. The appropriateness
and utility of these and other parameters will be evaluated in subsequent
phases of the CV project.
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ABSTRACT

This is the first in a series of three reports on check
valves (CVs) to be published under the Nuclear Plant Aging Re-
search Program, and it addresses the subject of Detection of
Defects and Degradation Monitoring of Nuclear Plant Safety
Equipment. The program is concerned with the evaluation and
identification of practical and cost-effective methods for de-
tecting, monitoring, and assessing the severity of time-depen-
dent degradation (aging and service wear) of CVs in nuclear
plants. These methods will allow degradation trends to be
established prior to failure and allow guidance for effective
maintenance to be developed.

The topics of interest for this first report are failure
modes and causes resulting from aging and service wear, manu-
facturer-recommended maintenance and surveillance practices,
and measurable parameters (including functional indicators) for
use in assessing operational readiness, establishing degrada-
tion trends, and detecting incipient failure. The results
presented are based on information derived from operating ex-
perience records, nuclear industry reports, manufacturer-sup-
plied information, and input from plant operators.

Failure modes are identified for CVs. For each failure
mode, failure causes are listed by subcomponent or subassembly,
and parameters potentially useful for detecting degradation,
which could lead to failure, are tabulated.

l« JINTRODUCTION

lol Blck‘round

The Office of Nuclear Regulatory Research of the Nuclear kegulatory
Commission (NRC) has instituted a study aimed at understanding the time-
related degradation (aging) of nuclear power plant systems and equipment.
It includes assessing the effectiveness of methods of inspection and cur-
veillance that monitor such degradation and establishing guidelines for



maintenance. The study is intended to provide technical bases for exam-
ining the ongoing operational safety of operating plants. The strategy!
that wiil be followed should be useful to others interested in analyses
of equipment in nuclear applications.

This report addresses the time-related degradation of check valves
(CVs) — the second of eight components to be studied in the Nuclear Plant
Aging Research (NPAR) Program list of components. The others on the list
are motor-operated valves (MOVs), auxiliary feedwater pumps, diesel gen-
erators, snubbers, batteries, chargers, and inverters.

CVs are one of the must coammon components in a nuclear power plant —
they are located in almost all plant fluid systems. The failure of these
valves causes a significant amount of plant maintenance and, more impor-
tantly, degradation of safety-:ielated systems. In the last few years
considerable attention has been given to CVs by the NRC and industry
groups.

1.2 Objective

The objective of this NPAR Program element is to review operating
experience and manufacturers' information, to identify failure modes and
causes resulting from aging and service wear of CVs in nuclear plant ser-
vice, and to identify measurable parameters. These parameters are to be
suitable for detecting and establishing trends in the time-dependent deg-
radation of CV components prior to loss of function.

1.3 Project Scope

This report is Volume 1 of a three-part report to be prepared on
CVs. The contents of each of the three parts are summarized below.

Volume | — Operating experience, failure modes, and failure causes

1. Background information on CVs — boundary of CVs to be studied,
types, uses, requirements, and materials of construction

2. Reviews of regulatory requirements, guides, and standards

3. Summary of operational and environmental stressors

4. Summary of operating experience

5. Manufacturers' input

6. State-of-the-art aging and service wear monitoring and assessment

Volume 2 — Tests and assessments

1. Complete comprehensive aging asaessment

Postservice examination and tests
In-plant assessments

2. Assessment of advanced monitoring techniques



3. Controlled laboratory testing

Aging assessment
Monitoring technique evaluation

Volume 3 — Analysis and recommendations

l. Impact analysis
2. Recommendations of guidelines for monitoring methods and maintenance

1.4 Definitions

For the purpose of this report, the following definitions apply:

Failure mode — the way in which a component does not perform a func-
tion for which it was designed; that is, fails to actuate or leaks to
outside.

Failure cause — degradation (the presence of a defect) in a compo-
nent that is the proximate cause of its failure; for example, bent shaft,
loss of lubricant, and loosening of a bolt.

Failure mechanisms — the phenomena that are responsible for the deg-
radation present in a given component at a given time. Frequently, sev-
eral failure mechanisms are collectively responsible for degradation
(synergistic influences). Where one major failure mechanism is identi-
fied, it has been called the “"root cause.” Generic examples of failure
mechanisms (and of root causes) include aging, human error, and seismic
events.

Aging — the combined cumulative effects over time of internal and
excernal stressors acting on a component, leading to degradation of the
component, which increases with time. Aging degradation may involve
changes in chemical, physical, electrical, or metallurgical properties,
dimensions, and/or relative positions of individual parts.

Normal aging — aging of a component that has been designed, fabri-
cated, installed, operated, and maintained in accordance with specifica-
tions, instructions, and good practice, and that results from exposure to
normal stressors for the specific application. Normal aging should be
taken into account in component design and specification.

Measurable parameters — physical or chemical characteristics of a
component that can be described or measured directly or indirectly and
that can be correlated with aging. Useful measurable parameters are
those that can be used to establish trends of the magnitude of aging as-
sociated with each failure cause, that have well-defined criteria for
quantifying the approach to failure, and that are able to discriminate
between the degradation that leads to failure and other degradation.

Inspection, surveillance, and condition monitoring (ISCM) — the
spectrum of methods and hardware for obtaining qualitative or quantita-
tive values of a measurable parameter of a component. The methods may be
periodic or continuous, may be in plant or may require removal and in-
stallation in a test stand or disassembly, and may involve dynamic or
static measurements.




2. BASIC INFORMATION

2.1 Principal Types and Uses of CVs in BWRs and PWRs

CVs are used extensively within pressurized-water reactor (PWR) and
boiling-water reactor (BWR) nuclear power plants for service in safety-
related and balance-of-plant (BOP) systems. Sizes vary depending on ser-
vice requirements and range between 0.5 and 28 in. (nominal pipe diame-
ter).* The most commonly used types are swing, horizontal 11ft, vertical
1ifr, and ball CVs.

A summary of the usage of CVs in typical BWR and PWR nuclear power
plant systems is given in Table 2.1. The table indicates numbers of
valves, size ranges, and types used in the various systems. The func-
tions of the listed safety-related system may differ from plant to plant.

*In conformance with current nuclear power industry practice,
English units will be used in this report.

Table 2.1. Summary of CV applications
in nuclear power plants

Valv

. Number ive

System slze
of CVs

(in.)

BWR (typlcal)

Low-pressure 1018 228
core spray

High-pressure 1014 424
coolant Injection

(HPCI)

Low-pressure 1021 &=24

coolant injection
(LPCI) [includes
residual heat removal
(RHR) and containment

spray]
BOP systems 200400 1/ 224
PWR (typical)
Auxiliary feedwater 4-2) W8
Containment spray b—~14 14
HPCI 12-28 2-1/2~
LPCI/RHR =14 B-10

BOP systems 200400 260




2.2 CV_Types

Swing® CVs are the most widely used of all CVs because they offer
very little resistance to the flow when in wide-open position. Generally
used on all piping where the pressure differential is of prime impor-
tance, swing CVs are used for flowing liquids and can be installed in
vertical or horizontal position. However, these CVs are not recommended
for applications where the reversal of flow is frequent; this causes the
valve obturator to fluctuate rapidly and result in "valve chatter.” Some
swing CVs have an external lever and counterweight balance arrangement to
permit adjustments that make the valve obturator more sensitive to flow
and allow it to open under a minimum of fluid pressure.

Horizontal-piston-lift CVs (Fig. 2.3) are quite frequently assemlled
on the same valve bodies as those used for the regular globe valves.

They are generally used for such applications wherc¢ the reversal of i '
and pressure fluctuations are very frequent, because they have less ten-
dency to develop "obturator slam” and valve chatter. Horizontal-lift CVs
are used for flowing steam, air, and gases on horizontal piping lines,

but they are not recommended for installation on vertical piping systems.

Vertical-lift CVs (Fig. 2.4) are similar in construction to hori-
zontal-lift CVs and are especially designed for installation on vertical
piping systems. Another modification of the vertical-lift CV is the
angle vertical CV, which is used on right-angle turns in the piping sys-
tems.

Ball CVs (Fig. 2.5) are designed to handle viscous fluids and for
services where scale and sediment are present. These valves, usually
made in vertical, horizontal, and angle designs, are particularly recom-
mended for rapidly fluctuating flow because of their quiet operation.
During the ball CV operation, the ball rotates constantly, equalizing the
wear on the ball and seat, thus prolonging the life of -he valve.

Further design variations of the CV include stop-check valves and
nonreturn valves.

Stop-check valves, sometimes called "screw-down" CVs, are actually
modifications of the globe or angle valves. This modification consists
of making a slip stem connection to the valve obturator instead of using
the obturator lock nut. In this design, the obturator can be closed by
hand, but can be opened only by the CV action; that is, by the fluid
pressure under the obturator. Probably the most common application of
the stop-check valve is as a safety nonreturn valve. The ASME Boiler and
Pregsure Veseel Code specifies use of these valves for the boiler nozzle
of every boiler when two or more boilers are connected to the same
header. These valves are also called boiler stop-check valves or boiler
"screw-down" checks.

In nuclear power plants, CVs are frequently used as containment
isolation valves in lines where, in normal operation, fluid flows into
the containment. If the pipe outside the containment should fail or the

*See Figs. 2.1 and 2.2, which show valves from two manufacturers.
The nomenclature used is shown in Fig. 2.2.
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Fig. 2.5. Ball CV, showing ball and seat arrangement.

pressure inside the containment should increase during emergency condi-

tions, flow into the containment ceases and the CV closes, thus prevent-
ing flow from the containment to the atmosphere or external systems. Be-
cause CVs work automatically to prevent backflow, they are ideal for this
situation. However, containment isolation valves are required to have a
very low through-seat leak rate, which is sometimes difficult to achieve.

2.3 Equipment Boundaries

For purposes of this report, the CV is defined as follows (see Fig.
2.2).

le Body assembly — valve body, cap (bonnet), fasteners, and plugs;

2. Internals — seat, obturator, locking devices, hanger pin, hanger,
and any other internal parts;

3. Seals — seals and gaskets for external position indicators and/or
operators, plus those employed to seal the cap.

The nomenclature for CVs given in Ref. 2 is used.

Remote external position indicator sensors or devices are not con-
sidered in this discussion. Their failure would not affect the operation
of the CV, and they are therefore not included here.

2.4 Functional Requirements

In the functional grouping of the entire valve family, the CV will
be found in the group defined as valves designed to control the direction



of flow. Check valves differ considerably in their construction and
operation from the other groups of valves, designed either to stop the
flow entirely (gate, plug, and quick-opening valves) or throttle the flow
to a desired degree (globe, angle, needle, Y, diaphragm, and butterfly
valves).

Check valves are entirely automatic in their operation and are acti-
vated internally by the flow of fluid that they regulate. Check valves
permit the flow of fluids in only one direction; if the flow stops or
tries to reverse its direction, the CV closes immediately and prevents
backflow. When the operating pressure "direction” in the line is re-
established, the CV opens and the flow is resumed in the same direction
as before.

Nuclear power plant CVs typically meet the following requirements.

1. Ambient service conditions: temperatures 32 to 140°F, pressures up
to 40 psig, possible vibration from upstream or downstream connected
components.

2. Capability: the CV must operate reliably with a minimum of mainte-
nance.

3. Differential pressure (d/p) to close: this depends on the valve ser-
vice, but in general the valve should close on zero flow, which is
zero d/p.

4. Position-sensing device: not often required; may be found on some
swing CVs.

5. Minimum pressure drop (AP) across the valve when open: AP across the
valve at the expected maximum flow rate.

6. Process fluid temperature and pressure: operating pressure up to
2600 psig and temperatures up to 650°F.

7. Opening pressure must be less than the pressure drop in the line at
the minimum flow.

2.5 Materials of Construction

2.5.1 Body assembly

Body, cap. Cast stainless-steel CVs are manufactured in sizes from
0.25 to 8 in. Working pressure for these types may range from 150 to
2500 psig, with the temperature limit from 500 to 1100°F, by ASTM Stan-
dard, depending on the alloy used.

In addition to stainless steel, CVs are also made of bronze, cast
iron, Monel, nickel, polyvinyl chloride, and other corrosion-resistant
materials to withstand the corrosive action of the fluids in contact.
Only stainless-steel valves are considered in this report.

Fasteners. The cap stud bolts used in nuclear service valves are
generally of type 304 or 316 stainless steel to be compatible with valve
materials in expansion and contraction due to temperature. These mate-
rials offer higher strength for a given diameter but, due to their hard-
ness, must be properly lubricated to prevent griling in use.
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2.5.2 Internals

Seat. Nuclear service CV seats are generally machined into the
forging on smaller valves up to about 3-in. nominal pipe diameter. The
seats In larger valves are generally replaceable and are constructed of
specicily hardened alloys such as Stellite or Hastelloy. Some valve
seats are resilient materials (to provide better sealing).

Because the pressure producing the flow in the pipeline must be
sufficient to lift the CV obturator from its seat, designers have used
various seat angles to aid this lifting action. The most commonly used
seat and obturator angles are 0°, 6°, 12-1/2°, and 45° to the vertical.

In the 125-psi class, the obturator of swing CVs usually will be
found at an angle of 6° to the vertical. In the 200-psi and up class,
the obturators are usually placed at 45° angles, because sufficient pres-
sure is available to 1ift the obturator and open the flow in the line.
Horizontal obtnrators, placed at 90° angles to the vertical, are found in
the 1litt CVs.

Obturator. Valve obturators are normally of the same material as
the valve body to accommodate thermal expansion and contraction. They
may have seating surface materials of Stellite or another hard alloy to
resist etching or "wire drawing.”* Ball CV obturators may be made of
Stellite or another hard alloy to resist wear and scratching.

Hanger pin, hanger, and fastener. Swing CV obturators are connected
to a hanger that, in turn, hinges on hanger pins; this arrangement per-
mits movement of the obturator out of the flow stream. The hanger and
hanger pin in stainless steel CVs are generally stainless steel alloy for
strength and corrosion resistance. The obturator fastener nut, washer,
and pin (and optional spring) are also stainless steel. If a valve pin
is equipped with a special bearing on the hanger, the bearing is usualiy
made of a hardened alloy such as Stellite.

2.5.3 Seals

Gaskets. Nuclear service valves may have (1) welded caps obviating
the need for a gasket; (2) pressure-seal construction utilizing a steel
sealing ring and bolt configuration that seals the cap; or (3) ordinary
machined surfaces for asbestos-type gaskets. Flexitallic®-type gaskets
consist of a stainless steel V-shaped strip axially wound with alternat-
ing layers of asbestos to form a chevron-like seal cross section. Such
gaskets should only be used once because the steel "V" shape is crushed
upon tightening — which provides the seal function.

Seals. Only a few CV designs have packing or seals of graphite-
asbestos for the hanger pin. (The hanger usually attaches to the cap.)
Where there is packing on hanger pin cap seals, the stressors will be
identical to those of the cap gasket; therefore, they will not be dis-
cussed separately.

*Wire drawing refers to the case of a minute leak across the seat
that, under high differential pressure, causes a straight-line eroded
leak path resembling a mark that might occur if a small-diameter wire
were drawn across the surface.
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3. TECHNICAL SPECIFICATION REQUIREMENTS

In nuclear power plants, periodic surveillance tests are used to
ensure operability of safety-related components. Test requirements in-
cluded in the Technical Specifications for each plant describe, either
directly or by reference, the various in-service inspections to be per-
formed on the major components of safety-related systems. In-service
inspections of all ASME class 1, 2, and 3 components are specified to be
in accordance with Sect. XI of the ASME Boiler and Pressure Vessel Code.
In addition, the Code of Federal Regulatioms (CFR) provides leakage
requirements for some components.

Article IWV-3000 in Sect. XI of the ASME Code describes in-service
inspection requirements for CVs. This requirement consists primarily of
exercising the valve to verify obturator travel to or from the full open
and closed positions as required to fulfill its safety function. Confir-
mation of seating or opening may be by visual observation, a position in~-
dicator, observation of relevant pressures in the system, or other posi-
tive means. Surveillance intervals or frequencies are given in the ASME
Code. A summary of Article IWV-3000 is provided in Appendix A.

CVs used for containment isolation are also required to be tested in
accordance with 10 CFR 50 Appendix J (Ref. 3). These tests involve pres-
surizing the CV locally in the same direction as when the valve is re-
quired to perfoim its safety function and comparing leakage rate with the
specified standard. Tests are performed at refueling outages or at least
every 2 years.

The purpose of Technical Specifications requirements for surveil-
lance testing is to demonstrate operability of the component within
specified limits. The purpose thus does not specifically include moni-
toring abnormalities in the component that at a later time may lead to
loss of operability.
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4. SUMMARY OF OPERATIONAL STRESSORS

In this section the CV is divided into subcomponents and parts. The
significant stressors acting upon these parts are identifie qualita-
tively and (where possible) quantitatively, under normal and accident
(emergency) conditions.

Stressors have been divided into six categories: electrical, me-
chanical, thermal, chemical, radiation, and environmental. The origins
and magnitudes of these stressors depend on the specific valve and in-
clude those generated externally to the valve boundary and those gener-
ated internally.

Check valves used in nuclear plant safety systems are located inside
and outside the containment structure. Under normal conditions the valves
inside the containment structure are exposed to the same or slightly more
severe external stressors than the valves outside the containment. Under
accident conditions, the external environmental stressors inside contain-
ment are (depending on location and type of accident) more severe. For
some CVs under accident conditions, the internal stressors are also more
severe than normal. Therefore, it is impossible to define a unique set
of stressors for CVs in safety systems, particularly under accident con-
ditions. Guidance as to possible values of various external stressors
can be obtained from valve actuator equipment qualification standards
issued by Imetitute of Electrical and Flectronic Engineere ( IEEE 382)
(Ref. 4). Excerpts from that standard are given in Table 4.1 and Fig.
4.1‘
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Fig. 4.1. Exposure profile under accident condtions (IEEE 382).



13

Table 4.1. Equipment qualification tests for valve actuators

Coe

d.

€.

f.

h.

Environmental aging (parameters derived from Arrhenius formula) —
138°C for 73 days, 400 cycles (all cycles defined as one stroke open
and one stroke close against one-third rated load with torque switch
operation at rated torque in the close direction).

Mechanical wear aging — 2,000 cycles (400 included in environmental
aging).

Pressurization aging — 15 cycles of 3 min duration at 65 psig.

Radiation aging a design basis event (DBE) radiation — 2.04 x 108
rad.

Plant-induced vibration aging — Biaxial sinusoidal motion of 0.75 g
with a frequency of 10 to 100 to 10 Hz at a rate of two octaves per
minute. Ninety minutes of vibration in each orthogonal axis.

Resonant search — A low-level (0.2-g) resonant search from 1 to 35
Hz and at one octave per minute.

Seismic — A random multifrequency test with a 30-s duration simul-
taneous horizontal and vertical phase — incoherent inputs of random
motion consisting of frequency band widths spaced one-third octave
apart over the frequency range of 1 to 40 Hz as necessary to en-
velope the required response spectra. Five operating basis earth-
quake (OBE) level tests [three-fourths of safe shutdown earthquake
(SSE) level] and one SSE level test in each orientation.

DBE environmental test — A steam exposure profile (see Fig. 4.1) for
an LOCA simulation representing PWR and BWR in-containment service.

Steam impingement test — A steam exposure profile to 492°F (255°C)
to simulate a steam-line break in a PWR [inlet steam temperature of
492°F (255°C) obtained in 4 s].

Seismic — required input motion test — Two OBE tests with a
sinusoidal sweep from 2 to 35 to 2 Hz in each axis at a rate of one
octave per minute and a level of two-thirds of the required input
motion. One SSE in each axis consisting of a continuous series of
single frequency since beat tests at the one-third octave interval
test frequencies and test levels indicated in IEEE 382-1980 (see
Fig. A.l)‘

Source: Ref. 4.
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4.1 Electrical Stressors

Check valves do not have electrical operators or position switches,
nor are they subject to electrical current. Therefore, there are no
electrical stressors associated with them.

4.2 Mechanical Stressors

4.2.1 Body assembly

Body, cap. Mechanical stressors on the valve body consist of
(1) pressure of the internal fluid; (2) vibration, including seismic
forces; (3) flow-induced forces; and (4) forces resulting from the con-
nections to the piping system. Operating experience has indicated few
valve body failures resulting from mechanical stressors durfng normal
conditions except where structural flaws have existed. Water hammer
stress 1s a rapid pressure pulse that momentarily increases the tensile
stress in the wall. It tends to cause crack propagation from areas where
stress risers exist. In the event of an earthquake, the valve bodies may
be subjected to selsmic low-frequency, low-magnitude vibrations of a
short duration. Emergency conditions, such as an LOCA, may result in
flow-induced vibration in the CV and its associated piping, but a vibra-
tion of no greater magnitude than that experienced under periodic test
conditions. Valves are also subjected to stresses from downstream
equipment-induced vibration.

Fasteners., Cap stud bolts are normally under tensile stresses from
tightening with moderate-to-high shear forces exerted under potential
selsmic loads. For stop-check valves there may be moderate shear forces
exerted when the valve is closed with the manual operator. Vibration,
either flow-induced or other, may cause the cap stud bolt nuts to relax,
thus reducing the tensile stress in the bolt and nuts. If the bolts be-
come sufficiently loose, the shear forces may increase considerably be-
cause of loss of restraint of the friction forces of the bolted mating
surfaces, and fastener failure may resul..

6-2-2 Internals

Seat. Valve seats are subject to compressive forces when closed
tightly in normal or accident conditions. Such forces are transmitted to
the valve body because the seat is often a machined portion of the body
or, in the case of replaceable seats, fits into a machfned recess. For-
eign objects lodged between the seat and obturator can prevent the valve
from sealing and can lead to scratches and subsequent erosion of the
seat.

Obturator. The portion of the valve that moves to control fluid
passage 1s subjected to hydraulic forces when in the closed position.
Additional mechanical stresses arise in stop-check valves if the obtura-
tor is forced onto the seat to prevent it from opening. When the valve
is open, low-to-moderate stresses occur from operating fluid passing
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around or over the obturator. The stresses are essentially the same
under normal or emergency conditions.

Obturator stress also results from vibration, rapid movement because
of flow transients (including water hammer), and pressure differential
during potential backflow conditions.

Vibration, both flow-induced and transmitted from nearby equipment,
stresses the hanger pin plugs and their bearings and the arcas where the
obturator a.taches to the hanger (see Fig. 2.2). In these two joint lo-
cations, vibration can cause excessive wear and high stress concentra-
tions that may result in cracking of the parts.

Under conditions of pulsating flow, the CV may cycle with each
pulse. Ball checks are not appreciably stressed under these conditions
except for the spring, which eventually may fail from fatigue. The swing
CV obturator may be heavily stressed; in fact, rapid flow increases may
cause the obturator assembly to open suddenly, impacting the stop located
on the valve body. This impact can induce stresses throughout the assem-
bly.

When there is a potential for backflow (the closing of the CV pre-
vents actual backflew), a pressure differential across the seating sur-
face occurs. Low stress then develops in the obturator. The seating
surface stress may result in (1) distortion of the surfaces, (2) damage
to soft-seated seals, or (3) jamming of the obturator in the seat. The
forces involved depend on the mating surface an_le, as well as the pres-
sure differential.

4.2.3 Seals

Gaskets. Valve gaskets are generally flat or O-ring type. Such
devices are compressed to form a pressure-tight seal to prevent fluid
leakage. The mechanical (compressive) stresses placed on these parts
normally do not degrade the part. Thermal cycling could cause loosening
of the bolts, thus decreasing the compressive forces on the gasket.
Loosening of the adjacent parts may permit the process fluid to leak
through, quickly erode the material, and destroy the sealing ability of
the gasket. A gasket properly located between secured mating components
can withstand the normal and potential emergency loads.

4.3 Thermal Stressors

4.3.1 Body assembly

Body, cap. Thermal stressors applied to a valve during normal
operation originate primarily from the heat of the process fluid. Some
stainless steel alloys used in valve forgings or castings may be suscep-
rible to corrosion under certain chemical and temperature conditions [in-
tergranular stress corrosion cracking (IGSCC)]. 1In some instances, the
valve temperature may change very rapidly when the system changes from a
no-flow condition to a flow condition. Stress results from the tempera-
ture gradient across the valve wall.
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During emergency conditions valve parts may be subject to slightly
higher process fluid temperatures but still considerably lower than the
degradation level.

Fasteners. Fasteners are subject to heat conducted from the valve
body but are not adversely affected under normal or emergency conditions,
except for possible loosening because of thermal cycling. Under tempera-
ture cycling, fasteners may loosen because of differential thermal expan-
sion.

4.3.2 Internals

Seat, obturator. These valve Internal parts are generally stainless
steel alloys and are subject to the same thermal stresses as the valve
body. Such stresses normally do not degrade these components.

4.3.3 Seals

Gasket. Thermally induced degradation of valve gaskets s a sig-
nificant aging-related effect, even during normal operation. Heat acts
on valve gasket materials to cause degradation of sealing capability
because of embrittlement,

4.4 Chemical Stressors

4.4.1 Body assembly

Body, cap. Other than chloride stress-corrosion cracking similar to
that experienced in piping, the only appreciable chemical stressors on
valve body . +reeult from contacts with borated water.

Und r normal conditions most valves are not subject to borated water-
induced " emical stressors, the exceptions being those valves th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>