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Figure 2,10 Plant A manual valve time-line history

2.2.5 Summary of Plant A Findings

Examination of the corrective maintenance data for plant A indicates that
their inspection, surveillance, monitoring, and maintenance practices are
effective at detecting and mitigating gross forms of aging degradation. This
conclusion is based on the fact that for the two years of data examined, the
only component failures nccurring involved seal or packing leaks which did not
result in loss of component function and were relatively easy to repair. There
were no serious failures involving complete loss of the component or loss of
system function. This analysis is limited, however, because only two years of
data were available for analysis. The effectiveness of current practices at
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Figure 2.14 Plant B corrective maintenance events
To better understand the reasons for the manual valve CMs (20 events the
data were sorted to identify the failure modes As shown in Figure 2. .16, the

most common failure mode for the manual valves was a broken or missing handwheel
(35%) This type of failure is clearly not related to aging of the valve, and
{g in contrast to the most common failure mode r plant A's manual valves,
which was packing leaks. The second most common . .ure mode was broken stems

which also is not aging related. The most common aging related fallure mode was
packing leaks, however, they accounted for only 15% of the manual valve CMs

Therefore, plant B has [fewer fatlures of manual wvalves caused by apging
degradation than plant A. This could be attributable to better maintenance and
monitoring less severe operational environments, better materials of
construction, or a combination of these factors 1t should be noted that the
low percentage of packing leaks in plant B could be due to unreported
adjustments of packing nuts. This ceuld nct be determined from the information
avallable.

The fallure modes for MOVs and AOVs were aiso identified from the data (19
events). the nost common being failure of the limit awitches (37%) followed by
failure to open or close (16%), as shown in Figure 2. 17 No failures due to

vacking leaks were reported during the three-year period examined, which is ir
¥ t b
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available; ethylene-propylene copolymers (EPM) and ethylene propylene-diene
terpolymers (EPDM). Ethylene-propylene rubbers are used for gaskets, seals, and
automobile radiator hoses.

Most valve operator manufacturers use neonrene diaphragms reinforced with
fiber glass, cotton, or nylen for normal ambient conditions. For example, one
company makes molded diaphragms of nylon-reinforced oll resistant elastomer,
This diaphragm is described as having a long life at alr pressures up to 85 pel.
1{ the amblent conditions exceed 200 °F, higher temperature waterials such as
silicones, Viton, or polyacrylics with Dacren or fiberglass fabric may be

used’,

Table 3.6 shows the relative performance of the common elastomers including
those discussed above.?  The resistance of each material to important aging
mechanisms, such as abrasion, compression set, oxidatien, ozene damage, and
swelling by water is presented.

3.3.3 Valve Operator Aging Mechanisms

In many cases, fallures of pneumatic wvalve operators are caused by
deterioration of diaphragms and O-rings, due to aging degradation of the
el. mer material, The degradation that occurs over time relates to the
nature of the rubber molecules, which are long, chainlike structures consisting
of many smaller molecules joined together. At least three principal types of
reaction are responsible for their aging'®#. They usually oceur concurrently,
but in varying degreer,

1, Scission: The molecular bonds are cut, dividing the chain into smaller
segments. Exposure to ozone, ultraviolet light, and radiation causes
degradation of this type. [Excessive sclssion will result in loss of
material strength and, in extreme cases, will cause elastomers to become

mushy .
& Cross-linking: An oxidation process occurs, whereby additional
intermolecular bonds are formed. Exposure to heat and oxygen are

principal causes of this type of degradation. Excessive cross-linking
will result in material hardening and loss of resilience, which leads to
cracking and brittleness,

5. Modification of side groups: A change in the complex, weaker fringe areas
of the molecular structure due to chemical reaction. Molsture is one
factor which can cause this type of degradation, which can result in
changes to the materials strength and durability.

The aging process of sir diaphragms is more complex than the simple aging
of elastomers for two reasons; 1) diaphragms are made from composites of
¢lastomers and fibers, and 2) the diaphragms are exposed to mechanical eynlie
stresses, in addition to chemical degradation. The cyclic stresses cause
fatigue. which is also an aging mechanism,

D P ————



Netural
Rutdier

Table 3 6 Relative performance of common elastomers?

Resistance Lo Aging Mechasiss

Excellent

Oxidation

Four

Falr Excellent

Styrene
Butadiene

Excellent

Baod Feir Excellent Poor Falr

Neogrets

Excellont

Baad Huod Excelliont Fa.r Goed Fals Fair

Falr

Nitrile Goca Good Faor Faiv Good Fals Fair
Hypalon Excellong Fair Exceliont | Excellent Goad Good o Bord
ELhylens Guod Faly Guod Exeellont Pouy Good Gorod Falt
!"mypum
Hutyl Bood Fair Excellent | Bxcellont Poor Excellont Fait Good
Yitan Good Good Excellent | Excelient Gond Good Good Good ]
Kalres Good Gaod Excelliont | Excellent | Veary Good OGood Excel Good

lent
Bilicone foor Excellont | Excallent | Excellent | Excellent

Polvurethans

Excollent

Good Excellent | Excellent Good

In addition to the stresses experienced during operation, elastomers also

degrade while they are stored as spare parts,

To minimize such degradation, the

following storage conditions are recommended'®:

[ BT I S N A

Ambient temperature not exceeding 120 °F

Exclusion
Exclusion
Exclusion
Exclusion
Exclusion

of
of
of
of
of

air (oxygen)

contamination

light (particularly sunlight)
ozone-generating electrical devices
radiation

Table 3.7 lists the 1ife expectancy during sterage for different elastomers

exposed to amblent conditions'®,
relatively low resistance, with a storage life of 2 to 5 years.
EPDM have a better resistance, with a storage life of 5 to 10 years.

Age shown, Buna N and natural rubber have a
Neoprene and
These

rankings are also applicable for the in-use aging resistance, even though they
are strongly affected by the operational environment.
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Table 3.7 Life expectancy during storage of various elastomer

Flusresilicone Eilastic LE Up Lo 2C yeats

Folvecrylate Acrylete Up to 0 years

Polysulfide Thiokel Up to 20 years

Silicone Biimetic, Bilicone Up o 20 years

Chilorosul fonated polysthylens Hypaion 4 to 10 years

Ethylene /propyiens/disne (EFIM) Ethylene propylene terpolymer 5 to 10 years

Filuorvearbon . Fluorel, Vitem $ to 10 years

Butyl, Neoprens, Chloroprens S to 10 years

Isoiutylens/ (soprens

Vinyl Fely $ L& 10 vears

Polyvinyl Chloriie

Polyurethane Urethane $ to 10 yours |

Putediens/scryionitrile Nitrile, Buna N $ to 10 vears

Butadiene/styrene Buna £ 2 Lo 5 years

Cis Polybutediens Sterec Polybutadiens 2 to § years

to 5 years

Natursl Rubber Pale creps. smoked shests

3.3.4 Findings for Valve Operators
The review of valve operators has generated the following findings:

- Vor pneumatic operators, an important cause of fallure is degrada fon of
the elastomer materfals used to construct the dlaphragms and O-rings.
| Other failures involve solenoid valves, positioners, and alr regulators.

- Diaphragme and O-rings should be inspected frequently and replaced
repularly, with the interval based on past operating data.

Storage conditions, as well as operating conditions, are important in
determining the life expectancy of elastomeric components. The storage of
elastomeric parts should follow the recommendations discussed to provide
a longer life expectancy.

3.4 Pumps

Pumps are the second most frequently failed component in the CCW system
(Figure 1.2). S$ince a high percentage of the pump failures cre rela‘*sd to
aging, the various subcomponents in the pump are susceptible to aging
degradation. In this section, the materials used for pump construction are
examined and their associated aping processes discussed.
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CGraphite Packing: Graphite fiber packings can be used up to 750 °F, and have a
chemical resistance similar to PTFE. These packings offer low friction and high
thermal conductivity.

Two classes of bearings are used in pump construction: anti-friction
bearings, and sleeve bearings. Bearing construction falls inte three main
categories, single metal, bimetal, and trimetal, Single metal bearings are made
of one material, commonly either a copper alloy or an aluminum alloy. Bimetal
and trimetal bearings have one or two surface layers, respectively. The backing
layers for blmetal bearings are made of steel, lead bronze, or aluminum alloy,
while those for trimetal bearings are usually made of steel. The selection of
bearing material is based on the expected operating conditions, and a great deal
of proprietary technology is used to formulate alleys to meet specific
conditions?. The materials typically used are leaded or unleaded tin branze.

Bearing degradation is another major cause of pump problems, accounting for
more than 25% of pump failures (Figure 1.7) Table 3.12 shows the major aging
mechanisms for pump bearings and their assoclated causes.

Table 3.8 Typical pump construction materials?®

Materials ot_ Coustruction )
Combination 3 Comb ination 4
Casing Cast Iron ~ Class 308 Carbon Steal-WCE
Impeller Bronze Alloy 822 |Ceast IronCiess 25B | Stainless Stesl~CFE | Cast Iron-Clasa 251\j
Impeller Rings Bearing Brouze Steel-AISI 1020 Stainless Stesl-CF& Steel~AISI 102¢
Casing Rings Cast Iron ~ Class 30B Stainless Steel-CF8 Cust Irom
Shaft Sleeves Bearing Eronze Steei~AlSI C1215 S/8-AI81 2303 Sleel~AlBl C1213%
Shaft Steel~AISI 104%
I Seal Cage: Cast Iron- Class 308 Teflon N/A
Glands Cast lron-Class 308
Gland Studs Stainless Stesl-AIST 303
Gland Nuts Statnless Steel-AISI 303
Packing Non~Asbestos
Stuffing Box Bushing Stesl~-AIST CI1213%
I Shaft Slecve Nuts Stainless Stesl-AIST 418
I fhaft Blewve &#Lm Bur N
I Bearing Bodies Cast Iron-Class 308 =
Lbolu Carbon Stesl a307 Grade E I
l Caskets Nan-Asbestos ﬁ
T
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Table 212 Pump bearing aging mechanisms and cavses

Aping Mechanism Cause

'

Loss of lubricant due Yo leahy seal
Loss of cooling

Misalignment of pump and motor

= Improper bearing mounting procedure

Woar

i

Distortion * Loss of cooling
- Excessive cooling of bearing externals
- Excessive operating stress

Cracking, Fracture | - Excessive operating stress

- Excessive cyclic operation

- Insufficient or excessive cocling
= Operation outside design limits

Although aging mechanisms for specific subcomponents can be identified, it
should be noted the aging mechanisms and subsequent failure of the various parts
are inter-related. Degradation of one part can result in abnormal wear and
fallure of another part. For example, & worn oil seal will causes an oil leak,
which, in turn, causes bearing wear if the problem is not soon corrected
Misalignment of the pump shaft and the motor shaft can cause abnormal and
excessive wear on the bearing and mechanical seal~ (or packing), which can cause
these components to fail. Therefore, it is important to check and monitor “he
performance of all the subcomponents,

One component of the pump that {s commonly overlooked during maintenance
and monitoring is the pump casing. Pump casings are commonly made of cast i{ron
or carbon steel, which are susceptible to corrosion and erosion. No pump casing
failures were found in the data, however, this does not mean that they are rot
vulnerable to aging degradation. As was discussed for the valve body, failure
of pump casings may require many years of operation before they are manifested
Therefore, it is important that this possibility be considered in a plant life
extension program, and that pump casing thickness in critical areas be monitored
during extended life operation,

3.4.3 Findings for Pumps

The review of pump construction materials resulted in the following
findings:

One of the commonly failed subcomponents in the pump is the mechanical
seal . These typically include a primary and secondary seal ring
assembly, which are beth vulnerable to aging degradation. The materials
used are shown in Tables ..9 and 3.10.

- Several aging mechanisms can degrade the pump seals, as shown in Table
3.11. A comprehensive maintenance and monitoring program should detect
and mitigate all of these mechanisms.




-
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Bearings are another subcomponent which are subject to aging degradation
and can cause the pump to fail, Table 3,12 presents the major aging
mechanisms acting on besrings, and their causes,

Pump-casing failures were not found in the data; however, there is a
potential for casing failures to occur during later years of operation.
Casings are commonly made of cast iron or carbon steel, which are
subject to corrosion and erosion. Over many years of operation, wall
thinning can occur, leading to weakening of the walls and possible
failure. This should be addressed in a life extension program.

3-28

TR —









e —

pil
I,

b i A S Bt i e et b e e B e e
: T
il .

oy Il N SEayra————y

Table 4.2 Sections of NRC SSF1 manual related to aging

Section Description

Review the design basis requiroments for the se-
lected system and determine the operating con:
ditions under which each active component will
function during accident or abnormal couditions,

This step in the methodology establishes the
baseline from which any aging anaiysis could
start

IR - P N NIRRT TRy W -

np2

Determine if system modifications implemented
since mitial licensing have introduced any unre-
viewed safety questions. Fou example, determine if
modified components have been evaluated for en-
vironmental equipment qualification consideratio-
ns, such as temperature, rdiation, or hunudity

This step can identify any new aging stresses ime-
posed o the system due to design modifications

Review the maintenance and test records for the
selected systern.  Determine if the systen: compo-
nents are being adequately maintained to ensure
their operability under ail accident canditions.

This step provides an evaluation of test and
maintenance practices as to their effectiveness at
detecting and nutigating aging degradation

Determine the adequacy of the licensee's preven-
tive maintenance progeam.

This step provides an evaluation of PM practices
for managing aging

ILEA

Determine if surveillanve tesi procedures compre-
hensively address required sysiem responses.

Thi- step provides an evaluation of test practices
for detccting aging effects

LK

Review of operating experience for the selected
system

This s~ provides a correlation of actual expen-
ence with failures and component degradation

ILF1

Determine the historical reliability of the system
and its components based on the review and analy-
s1s of the operation experience.

This step evaluates the effects of aging on sys-
tem and componeni rehability.

Irz

Determine if the licensee has aggressively pursued,
identified, and corrected root cause of faitures

This step determines if aging has been consid-
ered, or identified as a cause of system failures

ME3

4.2

Determine the extent of the maintenance backlog
and ascertain if the licensee has a program to iden-
safetyselsted

self-assessment .

tify, prioritize, and perform timely
maintenance.
=

CCW SSFI Findings Related to Aging

To date, five CCW SS5Fls have been performed by the U.S. NRC, and 23 items
related to aging of systems and components were identified.
a brief discussion «f some of the more significanc
quate control of the effects of aging.
utility are also included to illustrate the types of observations made by

This step verifies that procedures are in place 1o
control aging in a timely manner

This section gives
findings related to inade-
The results of an SSF1 conducted by a
51






was not capable of performing in joggiag service, the design modification could
have led te an increased aging degradation vate and premature fallure.
Therefore, design modifications must address the effects of aging.

4.2.1 Potential for Stress Corresion Cracking ldentified

When improved analytical methods were instituted, one utility found that the

chloride content of its CCW water (1,0-1.5 ppm) was much nigher than oriyinally

? measured by the old method (0.15 ppm). The old method had been used {er the

past 11 yeers of operation under the mistaken belief that the readings were

accurate. The chlorides appeared to originate from the original coirosion

: {nhibitor used in the system. High chleride levels pose a serious threat of

; stress corrosion cracking to stainless steel components. The utility has not

been able to assess the potential stress corrosion damage to the stainless steel

safety-related portions of the CCW system (e.g.. RHR heat exchangers, letdown
heat exchangers, and reactor coolant pump thermal barriers).

In this instance, the SSF1 uncovered an aging stressor that the plant
operators were unaware of. The many years of operation with this aging
mechsnism uncontrolled may have shortened the life of some of the components.
However, now that it has been identified, the problem can be monitored and
controlled to mitigate any future problems.

? 4 2.4 Undetermined Causes for Calibration Discrepancies

A review of the preventive maintenance calibration records in © piant
revealed that, despite obtaining as-found calibration readings that were beyord
the instruments' acceptability criteria, several safety-related instruments were
| calibrated and returned to service without correction. No root-cause analyses
were performed. The history of various out-of-calibration instruments revealed
that deviations had occurred several times before, and some instruments were in
service even after the calibration had exceeded the acceptability eriteria.

This is an instance where aging degradation was not detected and controlled
due to inadequate trendirz and analysis of calibration discrepancies. ..eally,
the root cause of the calibration drift should have been determined and
corrected before the instruments were recalibrated and returned to service,

4.2.5 Untested Check Valves Added to Design

There are numerous check valves in the typical COW system. During norwal
operation, most of these valves are required to perform their two basic
functions, which are to stop flow in one direction while allowing flow in the
opposite direction. For these valves, aging degradation resulting in a failure
to perform either of these functions could be detected any time the system is
operating. However, some check valves in the system only perform one of their
functions during normal operation; the other function may not be required unless
there is an accident. Aging degradation in these valves would be difficult to
detect unless special fests are performed specifically for that purpose.
Consequently, their availability to function is not known and an undetected
failure may exist. One such existing failure, together with a single failure in
a redundant train, could render the CCW system inoperable.

4-5
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Gnie SSFT determined that six check valves had been added to the CCW system.
However, they were not added to the surveillance test program. The check valves
were, therefore, wvulnerable to aging degradation, which may never have been
detected until an accident condition arose.

4.2.6 Incomplete Procedure for Mator Operation

As part of the SSF1 at one plant, the operating procedure for one of the CCW
pump motors was examined. It was found that the procedure did not include the
manufacturer's recommendations for the maximum number of consecutive motor
starts allowed and the required interval between starts. Without this
information, the potential for overheating the motor insulation exists,
Overheating is an aging mechanism that can rapidly reduce the life of the
motor's insulation and lead to premature failure. This incident demonstrates
how the SSFI can help to mitigate aging stresses.

4.2.7 Throttling of Valves Causes Accelerated Aging of Seats

The CCW system design at one plant uses butterfly valves as inlet and outlet
isolation valves on various heat exchangers in the system. During an SSFI on
this CCW system, it was determined that the butterfly valves were being used to
throttle flow to the heat exchangers, which is net what they were designed for.
Discussions between the utility and the valve manufacturer indicated that when
the valve is less than 20 degrees open, the water velocities may iucrease
substantially and result in cavitation at the valve seat, which wouuld reduce the
expectzd 1life of the valve, The manufacturer recommended a formal analysis be
performed to determine {f the specific application would cause unacceptable seat
damage .

This is a case where operation of a component outside its design
specification could lead to accelerated aging and premature failure. The SSFI
identified this problem so that the condition cou'd be analyzed and any
potential aging degradation mitigated.

4.2.8 Insights from a Utility Self-Assessment SSFI

In a CCY system SSFI conducted by a utility for self-assessment, several
important observations were made. These observations demonaitrate the usefulness
of this type of inspection, as well as the potential areas of vulnerability »f
CCW systems Iln older planis.

One observation was that the CCW system was capable of performing its safety
furctions during normal operating conditions. However, from a mechanical derign
perspective, it had not been demonstrated that the CCW system could adequately
perform its safety function during postulated emergency conditions. There were
two reasons for cChis.

The first issue was related to the CCw flow rates te the shutdown cooling
heat exchangers and the containment coelers. The flow rates from the flow
balance test were approximately 25% less than the wvalues assumed in the
containment response analysis for a loss of coolant accident (LOCA). These
flows are criticai since CCW is the only means of post accident heat removal
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from the containment. The team pointed out that "...inadequate heat removal
could potentially result in exceeding containment structural design parameters
and/or result in a mere severe environment (e.g.. temperature, pressure) than
what safety related equipment is qualified for..." This finding rai..s twe
issues appropriate for the aging study:

1. Flow measurements to safety-related components should be periodically
verified, and,

2. The acceptance criteria for system flow capacity tests should be based
on postulated accident conditions, 1f they are greater than normal
operating values,

The second issue of significance to aging from the self-assessment SSFI
concerns the environmental qualification of the CCW pump motors. The room where
the pump motors were located was determined to be a mild environment, based on
the lack of high energy lines in the immediate vicinity. A maximum temperature
of 110°F was assumed. However, the team found that the room's ambient
temperature could reach 150°F following a loss of the non-safety-related
ventilation. This ventilation system would not be vperable during & design
basis LOCA, because it is not automatically loa.-d onto the emergency bus. The
long-term performance of the CCW pump motors, which remove decay heat, could not
be assured.

There was another observation from the utility SSFI related to aging, but of
lesser significance. The inspection team observed that one of the move
frequently maintained components of the system was the CCW heat exchangers,
Fouling of the tube side from marine prowth resulted in the need for periodic
cleaning of the head and hydrolasing of the tubes. Leaking tubes accounted for
more than 10% tube plugging on one of the heat exchangers. Analysis at this
lant indicates that up to 15% plugging can occur before the heat removal
¢ nability is jeopardized. Non-destructive examination (NDE) had noted a marked
increase in degradation of tube wall thickness in the last several years. One
heat exchange» required a re-tubing after 13 years of operation because the 15%
plugging crice .ia was exceeded.

4.2.9 Summary of SSFI Findings

NRC SSFI reports have been useful in identifying problems in the design,
operation, and maintenance of the CCW system that are related to aging. Some
examples include the following:

- An inadequate makeup supply to the CCW system existed due to a design
assumption of a "zero leakage" system. This failed to address the effects
of aging on pump seals and valve packings.

< The modification of the control logic of an MOV from a seal-in to a jogping
circuit did not consider the additional stresses imposed on the motcr,

Numerous cases of out-of-calibration instrumentation were not analyzed to
determine the root cause. Aging effects, such as calibration drift, were
not detected nor managed satisfactorily,
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- Butterfly valves in the CCW system at one plant were being used to throttle
flow, an operation for which they were not designed. Increased wear on the
seats of these isolation valves resulted.

-  The design operating temperature for the CCW motors was lower that the
temperature expected during an accident when the non safety related
ventilation system would not be in service. Therefore, the long-term
performance of the system could not be assured.

The findings indicate that the SSFIs can be a useful teol for determining
how effectively the effects of aging have been addressed. Table 4.3 summarizes
the areas where $SSFls can be useful for identifying aging problems, and presents
the lessons learned from the SSFI1 reviews discussed.

Table 4.3 Areas vhere SSFIs provide useful agirg information

- ——
{ From Previous 35071

Lesson Lear

B
Aging degradation can be & tacior in determining the original system
design.  Aging offects must, therefore, be understood and accounted for in
demign calculations.

Original Design

Design Yes When design modifications are made, new aging stresses may inadvertently

Modifications be introduced into the system  These new stresses must be mitigated by
modifying existing ISM&M practices or adding new ones.

Corrective Yes When corrective maintenance tx performed, the root cause of [silure

Maintenance should be determined whenever possible. If it isn't, aging degradation can
g0 undetected and the failures can reoccus.

Preventive Yes Preventive maintenance procedures shoule ~clude manufacturer's

Mamtenance recommendatins 1o aveid IMPOSing UNNECESs ATy @ g SITESSCS On Commpo-
nents.

Yes Monitoring methods are not always comprehensive enough to delect aging
degradation in an inapient stage before it results in degraded
| performance.

Monitaring

The SSFl1 was not intended to identify aging problems in nuclear plants.
However, a significant number of age-related conditions were found in previous
inspections, even without an aging focus. It is not clear whether the
conditions identified represent all of the aging problems or just a small
portion, Howevei, it is clear that the SSFI can be a useful tool for helping to
uncover age-related problems in CCW, and probably in other safety systems. To
focus the inspections on aging concerns more directly, a list of recommended
additional information to obtain during the SSFI has been prepared (Table 4.4);
their inclusion in future SSFIs could more clearly determine if there arve
additional aging phenomena beyond the types that are currently identified. It
should be noted that the information requested is not intended to indicate that
there are regulatory requirements related to control and identifi-:tion of aging
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‘ System Walkdown

Table 4.4 Recommended additions to SSFls

i Additional laformation 1o Oblain |

Determine the following:

« do systenss and conporients appear to be well maintained and functioning propetly (€., ate
there any visible signs of unchecked aging degradation)

- 15 aging related degradation a passible cause of any matfunctions obse rved

Preventive
Maintenance

Determine the following

« &r¢ components property maintained such that compensations are misde for expected wear and
tear

- are frequencies adequale 1o mitigate aging degradation leading o failures

Correcive
Maintenance

Determune the following:

- are failure rates being caloule'ed and trended

« ure failure rates higher thap expected

« are madificktions or compensating megsures howng pursued to deter increasing fallure rates

«~are toot canse analyses being conducted

Design
Madifications

Determine the following

- have ‘mforeseen aging stresses been sdded 1o the system that could lead to accelerated aging
of systems and components (e g, hot spots, more frequent or longer durations of operation,
higher radiation dose rates)

- have compensating measures bega added 1o adgdress any new stresses

« have analyses been performed to determine the effect on the aging and aperation of assaciated
systems and components (c.g., addition of fire barriors can effect the envie mment of surround.

g components)

. .
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Operation
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Determine the fallowing:

- are systems or components operated beyond design limitations such that stresses are i oxvess
of those expected and premature aging is possible

- are system and compogent parametors being properly monitored for signe of deteriorgtaon, and
are data being appropristely evalusted

< have acceptance crileria been developed tor the monitored parameters

- have appropriate sctions been taken in response 1o ident. ed trends indicating deterioration of
performance

- when aging degradation is detected during an inspection, how s¢#1ous is degradation with

respect 1o aceeptable performance, and will operability he affecied
- = ==
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BWR recirculating pump seals. It was found that seal degradation resulting in

mechanical failurs of the seal can result from a loss of cooling to the seal,
that in turn could lead to leakage. Although seal failures have not resulted in
a direct threat to public health and safety, there is the potential for a seal
failure to cause leakage of primary cooclant to contaimment; this has been
classified as a small LOCA.

Failure of the CCW system, in conjunction with a loss of seal injection,
will «ult in immediate exposure of the seals to hot reactor coolant, If the
seals «-'1 after prolonged exposure to reactor coolant, and if the pumps used
for seal injection are also cooled by the CCW system, a LOCA without makeup
capabilicy could result. In addition, if containment fan coolers are cooled by
CCW, containment integrity could be jeopardized. From this sequence of events,
Generic lssue 55, "Probability of Core Melt Due to Component Cooling Water
System Failures", has emerged and is expected to be resolved as part of Generic
1ssue 23. As concluded in NUREG-0933, based on the PRAs assoclated with the
Zion, Indian Point, and Sizewell plants, even the lower bounds of the parameters
are in the medium priority category, and the "best" estimates are well into the
high priority. Therefore, maintaining the CCW system in operation is classified
as HICH priority.

In another scenario, complete loss of the CCW system, =eal injection system
and reactor makeup systems could result from loss of all A° power to the plant,
This condition is being evaluated as part of USI A-44, “Station Blackout™, and
further investigated as part of Generic Issue 23.

Generic Issue 23 is in the process of being resolved, and a Generic letter
is likely to be issued addressing the following proposals:

-  to treat the RCP seal assembly as a safety-related component, similar to
other reactor coolant pressure boundaries, applying QA requirements
consistent with Appendix B of 10CFR Part 50.

- to provide procedures for normal and off-normal conditions, and the
instrumencation needed to implement these procedures.

- to provide RCP seal cooling during off-normal plant conditions involving
loss of all seal cooling, such as stated in station blackout.

5.1.3 IN B9-54: Potential Over Pressurization of CCW System

Information Notice 89-54 was isgsued to all operating reactor licensees on a
design deficiency in the CCW system at the Surry Power Station, The deficiency
results from under-design of the reiief capacity for the CCW lines connected to
the thermal barrier heat exchangers on the reactor coolant pumps. The CCW
piping adjacent to the reactor coolant pumps at Surry is of schedule 160 carbon
steel and is designed to withstand full reactor system pressure. The low-
pressure sections of the CCW system within containment and within the suxiliary
building are designed for 150 psig.

In the event of reactor roolant system iInleakage (design basis of
approximately 275 gpm), the low-pressure sections of CCW piping are protected

5-4













e T e e e e e e e T e e e T o e o i el e e e e s

experience and studies indicate that CCW systems may experfence significant
fouling from aglng-related in-leakage of service water, along with e¢rosion or
corresion. The requirement for pericdic testing of the heat transfer capacity
of heat exchangers serviced by the CCW system has not been considered necessary
bacause of the assumed high quality of chemistry control programs for the CCW
water. However, if the adequacy of these chemistry control programs cannot by
confirmed over the total operating history of the plant, or if any unexplained
downward trend in the heat exchanger performance is identified that cannot be
remedied by maiatenance of the SW system, 't may be necessary to selectively
extend the test program and the routine inspection and maintenance program
outlined in the ASME OM standard.

5.3 System Maintepance Requirements

As indicated in CGDC 44, GDC 45 and CDC 46, the design integrity and
operational capabilitles of the CCW system should be maintalned throughout the
life of the plant to ensure the successful performance of its safety functions,
The periodic IST and JST programs dis.ussed above are the tools for de termining
if these goals are being wet. However, a well balanced maintenance program is
necessary to mitigate problems caused by degradation, such as aging, human
errors, or natural catastrophes. This section reviews the industry standards
and operating experience relating o maintenance of the CCW system.

5.3.1 Industry Maintenance Standards

Various industry standards were reviewed to determine if any direction is
provided for performing preventive and corrective maintenance on the COW system.
Although there are various standards for preventive maintenance of certain
components, such as the Institute of Nuclear Power Operations (INPO) good
maintenance practices, there is no standard which speciiically establishes
requirements for preventive maintenance. Preventiv maintenance practices are
typically based on past operating experience ar« component manufacturer’s
recommendations .

Corrective maintenance is performed when a failure occurs. Typically,
either the component is repaired or refurbished, based on the assessment of {ts
condition at the time of failure, or the component is replaced at a fixed
interval, which is established by the requirements of the equipment
qualification program.

5.3.2 IN 90-21: Potential Aging Failure of Motor-Operated Butterfly Valve

An example of a safety issue involving testing and maintenance is discussed
in Information Notice 90-21, which was issued to all licensees to alert them to
a potential increase in friction forces on valve seats, This could result from
maximum seat hardening that exceeds the amount assumed when selecting the motor
actuators and setting the torque switches, The systems in which these valves
are located include the CCW system, SW system, and various ventilation systems
of Catawba Units 1 and 2. Failure of these MOVs could cause a loss of cooling
vater to the RHR system heat exchangers. This underestimation of the friction
forces could lead to the common cause failure of a large number of motor-
operated butterfly valves to open on an electrical signal.
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6. ADVANCED ISM&M PRACTICES

In addition to the routine practices which are performed st all plants,
there are other I1SM&M practices which may detect and mitigate aging degradation,
Many are already uceld by mwost utilities, although not routinely. Other
practices are still under development and have not yet been applied. In this
section, a brief discussion of these advanced practices will be presented along
with their applicability to the CCW system.

For the CCW system, sezral ISM&M techniques which can indicate equipment
or system degradation were evaluated, These include iechniques which have
application to heat exchangers, pumps, valves, and piping. While the emphasis
{s on pumps, valves, and heat exchangers, the long term degradation of tanks and
piping should also be considered when planning a supplemental maintenance

prograw.

6.1 Ultresonic Testing

Alrborne ultrasonice is an effective test for locating and diagnosing
mechanical problems. 1t has been prover to be a very versatile test and
accurately spots potential bearing failures, as well as locates all types of
pressure and vacuum leaks. It is also effective in detecting Internal leakage

in valves®,

Ultrasonic leak detection is based on the principle that forcing a fluid
through a small opening creates turbulence on the downstream side. This
turbulence generates a “white noise" that has streng ultrasonic components
Most of the audible sounds of a leak might be macked bhowever, the ultrasonic
signals will be readilvy detectable, even vhen loud atulent nolse is preseut.
Sounds above 20 Khz are the most crucial in detecting wear or leakage in
machinery, while humans can only hear sounds in the 20 to 20,000 Hz range.

Anoth ‘v advantage of ultrasonic detection is that audible sound waves are
' g, therefore, they can penetrate walls and machine parts, and are reflected
off other .urfaces. These attrittes make it difficult to trace them to their
sources, However, ultrasonic sound waves are extremely short and travel in
straight lines. They cannot penetrate solids, although they do filrer through
the tiniest of openings. These properties of ultrasonic sound waves enable
ultrasonic detectors to be largely unaffected by even the loudes. machinery.
They are practical to use in p'ants where noise can be extreme’?.

Since the ultrasonic detector is sensitive only to ultrasound, it is able
to pinpoint the sources of high frequency emissions. This is important since
wearirg parts produce ultrasound long before they produce audible sounds.
Therefore, machine wear can be detected at a very early stage before much damage
is done. In using the detector, an uperator listens for ultrasound t*rough
earphones and gauges its intensity by the deflection of an analog meter.
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similar approach to eddy current testing may be used. This Is the remote fleld
technique, which is discussed in the next section.

6.3  Remcte Field Technique

The Pennsylvania Electric Company, with the support of EPRI, evalusted the
techniques available for dete ing, characterizing, and gquantifying defects
assoclated with known failure mechanismes in heat exchangers constructed of
carbon steel tubes®®. The basic process which was found to be mest successful
is the remote field technique (RFT). It was demonstrated that the method could
identify the following degradation modes in a heat exchanger:

gradual outside diameter (0D) wall loss (usually associated with
corrosion)

- one-sided OD wall loss (normally caused by debris damage within the
heater)

- 0D circumferential defects (typically fourd at baffle locations as
a result of tube vibration)

. small volume circumferential grooves (typlcal of fatigue cracking
hetween support haffles)
. large volume 0D pitting

The RFT inspection technology uses permanent, high-energy magnets
contained in the probe to maghetize a segment of tube. Both internal and
external defects produce a localized perturbation of the magnetic field in the
tube, These perturbations induce a signal in the probe’s sensor coils that is
amplified an. displayed on & CRT or strip chart recorder. An additional sensor
measures total magnetic flux in the tube wall to detect gradual wall thinning
due to wear or erosion. The RFT system is illustrated in Figure 6.1,

Demonstiation of this test over six years revealed several limitations.
A calibration standard, which accurately represents the anticipated defect is
essential for evaluating the readouts, As illustrated in Figure 6.2, a
significant error can result due to the calibration standard that is used. For
exampie, a predicted wall loss of 158 could translate into an actual loss of 70%
by using a standard featuring a gradual wall loss to evaluate one-sided tube
defects, Even with the standards, some loss of sensitivity was found to occur
at baffl. locations, and erroneous readings were sometimes obtained due to
magnetite bLuildup on the tubes Therefore, a prerequisite was established that
tube cleaning be conducted hefore RFT testing, High pressure cleaning
techniques such as a 4000 psig water jet proved to be effective, removing
{nternal magnetite deposits without damaging the tube inside diameter.

While the RFT technique has some limitations, experience shows that when
it indicates that a tube is acceptable (no indication of defects evceeding 10%
wall thicknese), the tube 1s fit for service. However defects exceeding 10% of
wall thickness may or may not represent a risk, depe - ing on the nature of the
defect. In these cases, the utility is advised to use a more soph.sticated type
of RFT, an Internal Rotary Inspection System (IRIS). The IRIS technique uses a
rotating probe and an ultrasenic beam for inspection from the tube inside
diameter. Testing showed that the method can readily characterize the shape of
the defects, which can be used to ilmprove the interpretation of the RFT results.
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Figure 6.1 Remote field technique concept®

This copyrighted illustretion is reprinted with permission
from the Pernaylvanie Electric Co., Johnstosn, FA.

However, this process was found to be very slow and is recommended for use only
as confirmation of questionsble RFT findings.

6.4 Vibration Monitoring

Most plants use vibration monitoring instrumentation to monitor the
condition of rotating equipment, such as pumps and motors. Each time a rolling
element passes over a defect, an impulse of vibration is generated. All of the
vibration monitoring techniques are fundamentaily based on the recording and
quantification of these vibratiun impulses. This technology continues to be
improved in its sensitivity and diagnostic capability. One of these refinements
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is the uethod used tor processing the signal.

The vibration impulses generated by a defect create a nigher freqiency
signal vhan vibration caused by other parts of the driver®®. As a 1esult, since
the vibration energy produced by the impulses is concentrated into a relatively
narrow band, it is more readily detected than the energy distr{ ited cver the
entire frequency range. The high frequency signal is processed to determine the
recurrence rate of these iwpulses, As illustrated in Figure 6.3, & seemingly
random vibration pattern can reveal a specific pulse amplitude and frequency.
This pattern can be used to more accurately trend the data and determine the
root cause of the problem.

The advanced vibration technology owes its high degree of sensitivity to
a mechanically tunasd transducer that senses ultrasonic pulses. The pulses of a
typical bearing can be as much as 1000 times higher when failure is imminent, as
compared to when a hearing is new. The principle of operation of the transducer
is similar to an accelerometer except that a single frequency is selected where
the resulting signal is strongest. Therefore, it is possible to filter out all
other vibration frequencies which may be caused by background conditions and
which could otherwise mask the degradation in the bearing.
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