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ABSTRACT

This rish-based ivspection guide is intended to suppleraent U S Nucloar Regulatory
Commission (NRC) Temporary lostruction 2515/115, "Service Water System Operstional
Performance Inspection (SWSOFT). " The purpose of this guide s to assist NRC inspection
team leaders and team members o prioritize ingpection items and refine inspection plaas so
their inspections will address those elements that dominate the sk associated with the service
water system.  This generic dovument presents risk insights obtained from probabilistic risk
assessments and historical operating experience.  Because it is intended o ussist inspections
at all commercial LS. power reactors (which have wide variations in servioe water system
designs), some itents may oot he applicable to every plant.  Where possible, the risk
significance of the potential inspection ilems has been related to particular characteristics of
plant design or environmental conditions so that inspectors can determine which ilems may
be applicable to u specific plant.

FIN A6S53: PRA Applications Program for Inspection of Nuclear Power Plants
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2. HISTORICAL EXPERIENCE

NUREG-1275" presents an assessment of the
SWS concerning the types of failures and problems
epcountered in the nuclear indusiry.  The signifi-
cant fallure events from reviewing the hiswrical
information are sunumarized helow. These individ-
wal failure events are significant because they may
be potential sources of common-cause failures,
ncreased unavailability of redundant components,
sources of single point system fhilures, or causes
of the sysiem e fail 0 meet design oriterin

Foreign objects and silt entering the SWS
were found to be the most frequen: source of
failures. Components affected most frequently
were heat exchangers (HXs), coolers, and pumps.
In some cases, the ohjects caused high enough
differential pressures that baffles coliapsed.  For
example, Brunswick 2 had an sccumulation of
shells in & residual heat removal (RHR) HX that
caused haffle plate displacemeni.

Foreign ohjects entering & pump may cause
pump failure. Periodically, 8 wood ohject bypasses
or gets through the trave'iag strainer or filter
system on the SWS inlet. Several plants, including
Turkey Point 3 and Quad Cities 1, have had pump
failures because of wood entering the pump.
Along with wooden objects, other items such as
aquatic material (grass, eels, shells, et ) can cause
pump failure. The Surry 2 plant experienced two
separate pump fiilures hecause of eels being
caught in & pump impeller, Also, silting and
fouling by aguatic material, sand, or dirt can cause
fouling of pump impellers 10 the point where the
pump is inoperable. A related problem occurred
at Hatch 1. A standby RHR pump experienced silt
buildup armund the pump's suction bell, restricting
flow 1o the pump during a test of aperability

To a lesser extent, valves, pipes, and strainers
experienced jamming and plugging by foreign
ohjects. For example, Surry | experienced & stuck
open check valve hecause of SWS debris.  1he risk
importance from foreign abjects consisis of the
circulation of objects throughout the SWS, poten-
tially causing common-case failures or degraded
SWS fiow. A deluge of debris or biological mate-

~J

rial into the intake structure may reach seversl
pumps on redundant SW5 trains, possibly causing
common-cause failure of the pumping system
Oyster Creek experienced fuilure of two SWS
pumps because of grase clogging the pump-inlet
screens.  Also, Brunswick 2 lost both the A und B
RHR HXs hecsuse of an ingress of oyster shells

System leaks were the second most numerous
falure occurrence.  Leaks can be risk significant
because of wide-ranging damaging effects on safety
related components or other safery systems . The
components that were predominately affected were
HXs, coolers, or pipes.  Also, system leaks were
often coupled with cormsion or erosion.  In fact,
several plants (such as Salem 2, Zion 2, Millstone
2, and Kiwaunee) have found erosion or corrusion
problems after investigating system leaks.  Addi-
tionally, & SWS leak at Rohinson 2 cavsed degra-
dation of the containment boundary  Degradation
of containment during oft-normal conditions (such
as loss of SWS) can significantly inorease risk.
Also, potential flooding from fuilure of the rubber
hellows used for expansion joints in the gravity
flow design SWS at Surry has dominated core
damage frequency in the Surry Individual Plant
Examination !

Corrosion or erosion generally causes gither
pipe plugging (from corrosion products flaking off)
or pipe failure (from corrosion or erosion degrad-
ing pipe walls or pipe lining). The cormsion or
erosion prohlems, inciuding galvanic corrosion,
could potentislly plug redundant components,
including valves or HXs. Thes, risk significance
Jrom system leaks includes both the potential for
large scale leaks (which may lead w complete loss
of SWS) and corrosion/erosion problems (both
blockage and equipment degradation potential)
coupled with the system leaks.  Also, SWS Jeaks
could impact other safety related systems.  For
example, the Salem 2 plant had 4 leak that allowed
water 10 enter the emergency diesel generator
(EDG) oil cooler, thereby disabling the EDG. At
Pale Verde, microbiologically-induced corrosion
(MIC) caused welds in the essential spray pond
piping to leak.










weed, grass, leaves).  As the intakes become
clogged or blocked, the condenser circulating
water (CCW) can draw down the watei jovel,
reducing the net-positive suction head (NPSH) for
the service water pumps. Depending on the
Jocation of the CCW pump suction compared 10
the SWS pump suction, it is possible 0 uncover
the service waler pump suction first  This may
cause & Joss of servie - waler pump suction. If the
CCW pump suction becomes uncovered hefure the
service water, the COW system will cease to draw
down the waler level and Gie service waler pumps
may still have an adequate water level, depending
oo the pump's NPSH requirements  Also, the
clogging or blocking of screens an. intake struc
tures can cause 8 high enough differcatial pressure
o create structural dainage (screen may collapse,
gates may jam, etc.), allowing debris 1o enter the
pump intake.

Assessment of the plant's experience should
be performed with respect to whether any clogging
of intakes has been experienced. An evaluation of
the location of the SWS intakes with respect 1 the
CCW intakes should be performed to determine
which would lose suction first in case of # draw
down situation. An evaluation of NPSH require-
ments for the SWS pumps should be done  An
evaluation of the screens to resist a large differen-
tial pressure (caused by clogging) shouid be

. An evaluation of controls and logic
for the intake gates (if present) should he per-
formed as well as @ review of any operational
problems with them.

34 Debris Intake Potential
(applicable 10 &l plants)

Some plants may have inadequate screening
or the screening is of inadequate strength 1o pre-
vent course debris from entering the SWS.
Experience has shown that debris has been the
cause of several problems in the SWS, in particu-
lar, the fouling and damage of SWS pumps. In
plants which use rivers for SWS intake, floods
may cause & significant localized increase in

debris. The likelihood of common-cause failure of

SWS pumps because of debris intake in these
plants may be a potential problem . Flants located
in such arcas are usually designed to prevont
dedris intake.  Any history of debris ingross ‘n the
SWS would indicate potentially inadeguate intake
protection

Assessment of the plant's experience shoun
he performed with respect 1o whether the SWS has
had apy problems with debris  An evaluation of
the intake structure design with respect o its
ability 1o resist debris intuke should be constdend .
The likelihood of the intake eavironment o pro-
duce 8 significant debris ingress proble should b
assessed .

35 Silting (applicable to all plants)

Experience has shown tuat HXs have been
couted with silt, reducing the heat transfer capabil-
ity, the flow rai s, or the flow balance. Areas
within the system that experience low flow rates of
are stagnant are particularly vulnersble

Water with »  svels of suspended solids
can ulso be abras ssibly causing accelerated
erosion, Areas withyy ¢ system where flow rules
are the fastest or where flow (s turned (e, pipe
elbows) are particulurly vulnerable to this type of
erosion

These silting or erosion conditions continu-
ously degrade t.: system and may be detected
prior to system failure  Systems that have unde-
tected degradation may work adequately in normal
conditions, but may be incapable of meeting heat
removal or flow requirements in accident condi-
tions, thereby creating a risk significant condition.
Also, silt accumulations can prevent valves from
closing of opening adequately.

When reviewing maintenance records and
component history information, determine whether
silting conditions exist and whether the licensee
has taken appropriale actions 10 prevent recurning
problems and 0 ensure adequate heal transfer
capability.
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3.6 Common Flow Path upplicabic
W all plants)

Risk studies Yave indicated that common flow
paths for redundant equipment can be & source of
significant risk.  Experience has shown that flow
paths may be blocked or subject 10 other fuilures.

An assessment of the design should he com-
pleted 0 determine if common flow paths exist for
rodundant equipment.  For common flow paths
that contain valves, flow resirictors, or other
mechanized devices (such & strminers), the reli
ahility of those components should be assessed
Ihis equipment should also be evaluated with
regard 1o its susceptibility to plugging. " ving in
common flow paths should be assessed for its
integrity (wall thinging, support, etc.) and i
ability 1o resist plugging. Redundant trains of
SWS often share & common discharge pipe that
may contain valves or othet components vuinerable
to plugging type fuilures.

3.7  Single Failure Susceptibility

(upplicable 10 3 plants)

Experience has indicated that some plants
mauy b susceptiblc to single failure problems
These problems tend 10 be more prevalent in older
plant designs, but newer plants have also experi-
enced this problem. Also, designs where the SWS
15 used as & backup water source for snother
system (e.g., component cooling water or auxiliary
feedwaler) ma, auve a single failure poteotial that
has heer overlooked

An assessment of the SWS in all possible
mode or lineup configurations should be performed
o determine if “ingle failure potentials exist.

3.8  Net-Positive Suction Head
of SWS Pumps applicable 10 all

plants)

Experience has shown that the NPSH require-
ments of the SWS pumps are not met in some
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cases.  This can create a reduced or no-flow
com on, possibly causing increased impellor
weal Plants that opersie pear the limit of NPSH
requirements could experience a sudden loss of all
flow, creating & risk significant scenario

An assessment of NPSH requirements should
be performed for the SWS pumps.  An evaluation
of maintenance for the SWS pumps should be per-
furmed o determine if damage from cavitation has
occurred.  intake level and lempersture should be
evaluated against pumping conditions in various
possible lineups for the SWS (especially for the
lineup of accident modes of operation).

29  Modification to SWS (s
ble 10 all plants, but in particular, those
that are pre-Three Mile Island or have
hud & large number of changes o the
SWS)

Experience has shown that & reduction in
SWS capability is possible after modifying the
SWS swiem.  In some older plants, the design
requirements for the SWS may not have been
adequately defined  Newer plants may have made
modifications that cause the SWS 10 not meet
design requirements

Safety evaluations (10 CFRS0O $9) performed
on the SWS and associated systems should be
evaluated  An assessment of how modifications
may have altered conformance 1o design require-
ments should be performed.  An assessment of
whether temperature, pressure, or flow conditions
have been affected by modifications should be
performed.  An assessment of potential equipment
actuation should be made if control systems have
been modified.  Temporary modifications should
also be assessed concerning the above areas. A
review of postmodification testing should be
performed,

3.10 Corrosion (applicable o all plants,
but in particular, those that operate in
salt water or hrackish water environ-
ments)

e
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Experience has indicated that plants that
operate in environments with a high level of
dissoived salts have a greater susceptibility to
corrosion. Plants that have stainless steel or other
highly corrosion resistant materials ere less suscep-
tible 1o corrosion. Corrosion can prevent proper
valve operation, cause leaks, or interfere with flow
and heat transfer. This is a slowly degrading
phenomenon that can be detected prior o system
failure. However, a degraded system may operate
while in & normal mode, then fail when it is
shifted 0 ap emergency mode.  Stagnant areas
within the system are more vulnersble 10 corro-
sion. Situations where the system contains dissim-
o metals ‘e.g., copper and steel) can create @
potential for galvanic corrusion,

An assessment should be performed for an
indicaiion of corrosion problems. Also, look for
noteoe repairs, the use of dissimilar metals, and
designs that can create stagnant areas. I dissimi-
lar metals are used, check 1 see if they are ade-
quately isolated from one another (electrically) or
if they are protected by other methods such as
sacrificial anodes. Root cause evaluation of
failures should be evaluated. Standby systems and
valves that are operatea only in emergency condi-
tions may he particularly susceptible to corrosion.

3.11 Cavitating Flow in the Pipe
(applicable 10 plants with flow restric-
tors or throttled flow, especially with
butterfly or gate valves)

Plants that have systems wiich use How
restriction devices (such « 7o) or butierfly
and gate wvalves in throt'o o | ons may have
experienced cavitation.  Sw.. caviw .icn could
erode pipes or vaives. If the system must reposi-
tion valves o a closed position, eroded fpes could
nupture or eroded valve disks may not be able ©
completely shut off flow, possibly causing systew
degradation or possibly complete system failure,

An assessment should he performed 10 evalu-
ate the condition of valve disks that throttle fow
An assessment of piping conditions downstream of
throttled flow or flow restrictors should be done

3.12 SWS Serves as a Backup
Water Supply to Another

System (spplicable 1o plants with
this design feature)

Experience has shown that whea the SWS is
& hackup water supply for another system (@ g,
supplies water to the component cooling water or
the auxiliary feedwater), complex system inte.u -
tions ard single failure vulnerabilities may be
present. 1o some extreme cases, the SWS pumps
ay be subject 10 run-out conditions and may pot
be able o supply adeqguate fl w ¥, crucial heat
loads when the SWS fow is  jquired by other
systoms.  In such cases, the SWS system flows
become very low and pressures are low.  Heat
exchang -~ conditions in accident situations can
cause the SWS water to boil, further reducing the
flow. Likely candidates for situations such as
these inclede HXs or heat loads that wre at hi,
clevations relative o the SWS pumps, at remcie
locations with respect to the SWS pumps, or are
high flow resistant loads (e.g., containment coolers
located high in containment),

Configuration of the SWS when providing
flow 0 other systems should be evaluated with
respect 0 the effects on pump operation and flow
balances, An assessment of the highest piping
elevation and highest flow resistent loads should be
performed to determine (¥ conditions can exist that
may cause lscal coolant boiling.  An evaluation of
the possible SWS interactions should be performed
to detevmine if the worst potential tailure situction
has been identified and if mitigation or system
recovery is possible

3.13 Microbiologically Induced

Corrosion (applicable to plants that
do not have treated water)

Problems caused by microbiologically induced
corrosion (MIC) are similar to corrosion probleins,
Fresh water plants and areas with stagnant water
appear to have a higher susceptibility to MIC, but
the problem appears 10 be widespread
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the accum lation of fouling material *»* could bhe
swept into the operable train when the crosstie is
utilized. Therefore, specific reviews of isolated
crosstie connections should be performed.

3.22 Air Operated Valves and

Solenoid Operated Valves
(applicable w plants with air operated
valves (AOVs) and solenoid operated
valves (SOVs) in the SWS)

Experience has shown that systems with
AOVs have had probiems with valves failing w0
shift 10 a fail safe position. The AOVs (with their
associated SOVs) have failed w shift because the

10
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SOVs have become mechanically stuck., Often
times the valves will be stroked or manipulated,
thereby freeing them. There have been many
instances of stuck valves being treated as operable
once they have been loosened by mechanical
agitations, leaving the mot cause o remain unde-
terminad and uncorrected.  Such valves frequently
become stuck again within a short period of time.
This potential for valve malfunction represents a
potential common maode failure,

An assessment should be made w0 determine
if problems [ the type described above exist. An
evaluation of the rool cause determination and
corrective acion should be performed to determine
if the utility has adequately addressed such prob-
lems.
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