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ABSTRACT

The effect of aging on the PWR Chemical and Volume Control System (CVCS) has been
evaluated. A detailed review of the NPRDS and LER databases for the 1988-1991 time period, together
.«h a review of industry and NRC experience and research, indicate that age-related degradations and
failures have occurred. These failures had significant effects on plant operation, including reactivity
excursions, and pressurizer level transieats. The majority of these component failures resulted in leakage

of reactor coolant outside the containment.

A representative plant of each PWR NSSS design (W, CE, and B&W) was visited to obtain
specific information on system inspection, surveiliance, monitoring, and inspection practices. The results
of these visits indicate that adequate system maintenance and inspection is being performed. In some
instances, the frequencies of inspection were increased in response to repeated failure events. A
parametric study was performed to assess the effect of system aging on Core Damage Frequency (CDF).
This study showed that as MOV operating failures increased, the contribution of the High Pressure

Injection to CDF also increased.
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SUMMARY

The Pressurized Water Reactor (PWR) Chemical and Volume Contiol System (CVCS) is a non-
safety related system which is used to control reactor coolant chemistry, and letdown and charging flow.
In many plants, the charging putips also provide high pressure injection in emergency situations. This
study examines the design, materials, maintenance, operation and actual degradation experiences of the
system and main sub-components to assess the potential for age degradation. Since the CVCS provides
many normal and emergency operating functions, it is important to understand the effect of aging in

order to detect and correct these instances prior to component failure.

The actual design of, and number of components in the system, varies between plant designs, as
well as plant-to-plant.  Sufficient redundancy is provided for the major sub-components (valves,
deionizers, and pumps) such that failures do not result in an inoperable system. However, these
component failures do represent a loss of redundancy, which may affect plant operation and safety if

other redundant components also fail.

A detailed review of the Nuclear Plant Reliability Data System (NPRDS) and the Licensee Event
Report (LER) database, together with a review of industry and NRC experience and research, highlighted
the fact that age-related degradations and failures have occurred. These failures had significant effects
on the plant, including reactivity excursions, and pressurizer level transients. These occurrences resulted
in components being removed from service for repair, power reductions due to reactor coolant leakage,

and unnecessary system stresses in response to these events,



The majority of the system failure occurrences were due to degradation and failure of system

valves, positive displacement pumps, and valve operators. Aging accounted for over 50% of these

occurrences,

The following main failures were highlighted by this review of operational experience:

Leakage of reactor coolant due to charging pump packing failure and to vibration-induced
damage to piping was commonly associated with the positive displacement pumps. These failures
resulted in leakage of reactor coolant both inside and outside the containment. Unidentified
leakages inside of containment in excess of the technical specification limit of 1 gpm resulted in
power decreases and unit shutdowns. Leakages outside of containment resuited in ALARA and
maintenance concerns. In response to the packing failures, some plants increased the frequency

of inspections, or considered the feasibility of replacing the pumps with centrifugal-type pumps.

Gate and globe type of valves were most frequently reported failed. Such valve are used for
isolation and flow control throughout the system. Packing failures accounted for the majority

of these occurrences. External leakage commonly resulted from these events,

Failures of valve operators primarily pneumatic and motor-operated, also were frequently
reported. These events resulted in the volv, failing to operate properly. In pneumatic valves,

failure of the diaphragm accounted for over 15% of the occurrences.

Storage of the highly concentrated boric acid solution caused numerous operational failures
(corrosion, precipitation). Failures of the boric acid tank heaters «nd pipe heat tracing resulted

in the precipitation of boric acid, resulting in flow obstructions. Leakages of this highly

xii



concentrated solution corroded carbon steel fasteners and components. Erroneous level

indications resulted from the formation of boric acid crystals on the instrumentation.

For the major system components, we evaluated the operating and environmental stresses on the
system, and the potential aging effects from continued exposure to these stresses. Detailed Failure
Modes and Effects Analysis (FMEA) were performed for each of the NSSS designs. Methods of
detecting failure detection also were examined, including functional indicators and system operating

characteristics.

Plant visits were made 1o one representative plant of cach NSSS design to obtain plant specific
information on system inspection, surveillance, monitoring, and maintenance practices. The majority of
system inspections are performed in accordance with ASME Section XI, Appendix J, and Technical
Specification requirements. Each of the three plants visited used Reiiability Centered Maintenance
(RCM) techniques to ensure that adequate maintenance and surveillance was being performed on the
components. These techniques proved valuable in identifying some components which were being
replaced unnecessarily. In addition to being costly, these practices aiso induce unnecessary stresses on

the components.

A review of industry and NRC experience with CVCS operation confirmed the conclusions of
this Phase 1 study. Studies performed by EPRI concluded that the system valves were subject to age
related wear, and were a major source of cobalt in the primary system. The studies also highlighted the
susceptibility of the system components to normal and abnormal operating stresses, including those

resulting from required testing and inspections (e.g., running pumps in the minimum fow condition).

xiii



A parametric study was also performed as part of this analysis to assess the effect of system aging
on Core Damage Frequency (CDF). Since the majority of the CVCS functions are not safety-related,
the impact of failures are not assessed in plant PRAs. However, the High Pressure Injection System (of
which the CVCS charging pumps are part of) was found to be of medium importance, accounting for
10% of the CDF. Human errors were the primary contributor to this percentage, followed by motor-
operated valve (MOV) failures. Aging of the system, particularly MOVs, was found to have a potentially
significant impact upon system operability. When the unavailability estimate for MOV operating failures
was increased by a factor of 10, the HPI CDF contribution increased by a factor of 5. This highlighted

the importance of monitoring and detecting age degradation prior to component failure.

The results of this NPAR study show that aging degradation and failures has occurred in the
CVCS. These failures have not prevented the system trom responding as designed in an emergency, but
have resulted in normal plant operation perturbations. These occurrences have resulted in unnecessary
actuation and operation of other system components in response, causing unnecessary stresses. The
results of the piant visits indicate that significant attention is being concentrated on the CVCS, and that
maintenance practices are being employed in response to specific component failure histories. However,
the large number of failure events reported to the databases, indicating that system failures are still

occurring, highlights the need for continued attention to the operation and aging of the system.

v
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L NTRODUCTION

The Chemical and Volume Control System (CVCS)' is essential to the safe and reliable
operation of Pressurized Water Reactors (PWRs). The CVCS provides for the control of reactor coolant
chemistry, and letdown and charging flow during normal operation, and in many plants, high pressure

injection during transients and accidents.

Failure or degradation of this system's components, due to aging, may significantly affect plant
operations (reactivity and pressurizer level control). Since the majority of this system's functions are not
safety related, failures do not usually result in an increase in plant risk. However, many plants utilize the
same charging pumps for charging flow and high pressure injection. Failure to provide this emergency

flow when required would represent a significant increase in plant risk.

An aging assessment was performed on the PWR CVCS system and its main sub-components.
The resulis of this Phase | assessment are described in the following sections of this NUREG. This
program was performed under the United States Nuclear Regulatory Commission’s (NRC) Nuclear Plant

Aging Research (NPAR) Program.

1.1 Background

Though the CVCS system at each PWR performs basically the same functions, plant to plant and

vendor design differences do exist. Some plants use regenerative heat exchangers to cool both the

"For brevity, the general term Chemical Volume Control and System (CVCS) will be used in this report to refer lo
Westinghouse (W), Combustion Engineering (CE) and Bahcock & Wileox (B&W) plants. In B&W plants, the system s
identified as the Makeup and Purification System. When specifically applicable to B&W plants, the term Makeup and
Purification system will be used.

1-1



tdown flow and heat the charging flow. The number and type of deionizers (anion, cation, mixed-bed)

purify the coolant also varies. Charging flow is provided by either positive displacement or
ral pumps, or a combination of each. In addition, the newer Westinghous plants have a boron
regenerat) ystem which permits load following, However, since this is not a normal mode of
perat { U vS has not been widely, thougt component fallures in this part i the
na CUTric
l'a provid i listing of each PWR i ind a \s shown, the majority of currently
"WEK plant 5 have been in service for greater than 10 year [0 maintain the operapility
m and nponents, it is essential to understand the cumulative effect of the induced stresses
: ) Failures of tt VS system have resulted in significant system and
t ) \ DI £ fluctuation
i'-inil\c-
AS react [ ! ition increased, a need developed to assess the etiects of plant aging on
Lr { ! LN ir ® r Reguiatior f the U.S. Nuclear Wy
. i ified ed, ar ‘U Plant Aging Resca NPAR) Program wa
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Table 1.1 Years of Operation - PWR Plants
Westinghouse Plants

Combustion
Engineering

5-10

15 units
Shearon Harris
Beaver Valley 2
Byron 1,2
Braidwood 1,2
Catawba 1,2
Vogtle 1
Millstone 3
Diable Canyon 1,2
Callaway

Wolt Creek
McGuire 2
Braidwood 1,2
South Texas 1,2
Seabrook
Vogtle 2

S units

Palo Verde 1,23
San Onofre 3
Waterford 3

11-15

7 units
Farley 2

Summer |
North Anna 2
McGuire |
Salem 2
Sequoyah 1,2

3 units

San Onofre 2
St. Lucie 2
Arkansas 2

16-20

12 units
Prairie Island 2
Kewaunee
Farley 1
Beaver Valley |
North Anna 1
D.C Cook 1,2
Indian Point 2,3
Trojan

Salem 1

Zion 2

4 _units

St. Lucie 1
Calvert Cliffs 1,2
Millstone 2

6 _units

Crystal River

Davis Besse
Arkansas 1

Oconee 2,3

Three Mile island 1

Greater than 20

11 units

Prarie Island |
Ginne

Pt. Beach 1,2
Robinson 2
Turkey Point 3 4
Surry 1,2

1-3

3 units

Fort Calhoun
Maine Yankee
Palisades

Zion 1
Haddam Neck

Oconee 1



The objectives of a Phase | system study are described in NUREG-1144 and the BNL Apiug and

Life Extension Assessment Program (ALEAP) Systems Level Plan? Specifically, these objectives are to

perform the following:

13

a detailed evaluation of operating experience data,
an analysis of industry operating and maintenance data,
an identification of failure modes, causes, and effects, and

a review of design operating environment, and performance requirements.

To meet these objectives, the following tasks were completed for each PWR NSSS design:

The operating experience was reviewed to identify the dominant component failure modes,
effects, and mechanisms,

A Failure Modes and Effects Analysis (FMEA) for each main sub-system was completed to
identify the components which affect the functions of the system,

One plant of each NSSS design was visited to obtain current maintenance, inspection, and

surveillance practices.

Analysis Methodology and Report Format

In a Pressurized Water Reactor (PWR), both the control rod assemblies (CRAs) and the

Chemical and Volume Control System (CVCS) are necessary to control veactivityy — The CVCS

compensates for long-term reactivity effects due to coolant temperature changes, xenon concentrations,

and fuel burnup by controlling the amount of soluble boron in the reactor coolant. The control rod drive

mechanisms (CRDMSs) position the movable CRAs within the core to control short term reactivity effects.

14



Several CVCS components are also used in the high pressure injection system. The effect of
aging on the HPI was previously analyzed by the Idaho Nuclear Engineering Laboratory (INF.L)‘3
Efforts were made during this Phase 1 study not to duplicate the HPI aging assessment. However, some
duplication was unavoidable since the failures for the components used by each system affected both,
For example, charging pump failures would have affecied both the ability to provide charging and HPI

flow. The effect of aging on PWR control rod drive assemblies was also previously analyzed by BNL.**

A simplified CVCS system schematic is shown in Figure 1.1. The primary sub-systems included

in this study are:

. letdown cooling system,

. demineralizers,

. boron thermal regeneration system,
. v.ame control storage tank,

. boric acid supply,
s charging pumps, and
. RCP seal water injection
Most of the CVCS components are located outside of containment, so aging degradations which result

in external leakage of the reactor coolant may also represent a small break LOCA.

To fully understand the effect of system aging, specific information on the system’s operating
characteristics, material, and design function is presented in Section 2.0 for each NSSS design. This
information was obta ned from a review of the utilities’ Final Safety Analysis Reports, technical reports,
and system descriptions. Appendices A, B, and C contain the design and operating data for the

individual components.
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Figure 1.1 Chemical and volume control system®
Section 3.0 evaluates the operational and environmental impacts of the stresses on both the
system and components. The effect of required surveillance and resting is considered, along with other

stresses including mechanical wear, vibration, and corrosion.

Operating experience for each NSSS design, for 1988-1991, is presented in Section 4.0. The
information used to evaluate the operating experience was obtained from a variety of sources, including:
. Nuclear Plant Reliability Data System (NPRDS)
* Licensee Event Reports (LERS)
. Plant Specific Failure Data

. Operating Plant Visits and Discussions With Plant Personnel
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This section discusses the primary failure causes and effects for the main system components. The
databases were also reviewed to identify the particvlar sub-component which resulted in pump and valve
failure. The percentages of failures directly attributable to aging degradation is presented. The effect

of the failure on the system is also presented.

The results of the detailed design, operating stressors, previous system studies, and operating
experience reviews are combined into 2 failure mode and effects analysis for the primary components of
the CVCS system (Section 5.0). Each individual FMEA analyzes the primary component failures which
may result in system or plant effects. Detection methods for each failure are also presented. These
methods include functional indicators and the system's or plant’s operating characteristics which would

alert the plant operator to aging degradation.

Section 6.0 discusses the results of visits to representative plants of each NSSS design.
Information on system operating experience, inspection, surveillance, and maintenance practices is
presented. The advantages of performing a reliability centered maintenance analysis on the CVCS to

identify the critical components and failure modes is also presented.

The CVCS system has been the subject of several industry and EPRI studies. In addition,
degradation of the system has resulted in the issuance of NRC Bulletins and Information Notices alerting
utilities of these failures. These have been in response to significant system and operating failures.

Section 7.0 summarizes this work.

1-7



iR

The effect of system aging on core damage frequency is assessed in Section 8.0. A base case
system unavailability estimate based upon fault tree analysis is provided. The results of a parametric
study, in which component failure rates are varied to simulate the potential effect of aging are also
presented. Major contributors to system unavailability, including specific component failures and human

errors are also evaluated,

Section 9.0 presents the results and conclusions of this Phase 1 aging assessment.



2. DESCRIPTION OF THE CHEMICAL AND VOLUME CONTROL SYSTEM

2.1 Introduction

The Chemical and Volume Control System (CVCS) for PWR plants (W, CE, and B&W),
provides both normal and emergency operation functions (Table 2.1). During normal operation, the two
primary system functions are to purify the reactor coolant, and control inventory (pressurizer control),
and during an emergency, to serve as a high pressure injection coolant source. With the exception of
the CE and several Westinghouse plants, the majority of PWR plants also use the charging pumps for

high pressure injection.

The majority of the system’s components, with the exception of those required for high pressure
injection emergency boration, and containment isolation, are not necessary to mitigate the effects of an
accident, and thus are not safety-related. Upon an Engineered Safety System (ESF) actuation, the
system's isolation valves close, and the charging pumps are realigned with the reactor water storage tank

(RWST) to provide coolant 1o the Reactor Coolant System (RCS).

During normal plant operation, letdown flow is typically set between 45 and % gpm, and
pressurizer level is stabilized by controlling the charging flow rate. As the RCS temperature or reactor
power change, the pressurizer level increases or decreases, and the CVCS responds to these changes to

restore the pressurizer level

The typical system design used in the majority of piants is shown schematically in Figure 2.1

Specific variations exist between the individual NSSS designs, as well as from plant to plant.

2-1



Tt

PSR — -

Av Outsige i
b A Cootisinsst poy BP9
- 145 hin
| 2152 o o S‘g
L#t Down Excranger
From & y ‘
Colg Leg MOV 2 - Miras [ ‘ :
acs L3R Y Contanrment Raactor Cation ;
Prmgsurizer [ Coota
Sony WOV Desorating Dermin
An aner Regeneranve M
RCS Hear Exchanger | & g R
Loco MOV s s
“?s . o — Derun's.
Loop




el il 4

Table 2.1 CVCS Functions

Reactor Coolant Purification
[Ructo: Coolant Boron Control

Fressurizer Level Control

Process Reactor Coolant Effluent

Chemical Treatment of Reactor
Coolant

Reactor Coolant Pump Seal Water
Flow

Collect Reactor Coolant Pump
Bleedoff (B&W)

High Pressure Injection (CE and W)

RCS Emergency Boration

System operation and instrumentation is discussed in Section 2.2, while Section 2.3 highlights the major

system design variations.

2.2 tio trol

221 Typical System Design and Operation”

With the exception of times when the boron concentration must be adjusted (increased or
diluted), the CVCS automatically maintains and purifies the RCS (feed-and-bleed). Table 2.2 provides
the typical design and operating parameters of the system for each PWR design. Specific data for the
major system components in the Westinghouse, Combustion Engineering, and Babcock & Wilcox plants

is included in Appendices 1, 2, and 3, respectively.
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Table 2.2 Typical CVCS Design Parameters

e e b e B B

Westinghouse Combustion
Parameter 2 Loop 3 Loop 4 Loop Engineering | and Wilcox

Seal water injection flow 16 24 32 . 32-60
rate, for the reactor
coolant pumps, nominal,
gpm !

Seal water return flow 6 9 12 6 6
rate, for the reactor
coolant pumps, nominal,

gpm.'
Letdown flow

Normal, gpm 40 60 75 38 50
Maximum, gpm RO 120 120 126 200

| Charging flow (excludes
scal water)
Normal, gpm 30 45 55 44 smali’

Maximum, gpm 10§ 100 132 small

Temperature of letdown <545 542-555 < 560) 550 <510
reactor coolant entering
system,°F

Temperature of 48R 497.501 518 410
I charging flow directed
to reactor coolant
system,°F

Temperature of effluent 127 115 115-127 120 120
directed to boron
recycle system,“F

Maximum pressurization 317 3107 3107 3025 3200

required for hydrostatic

testing of reactor
coolant system, psig

Note:
1. Parameters for RCP are representative, plant to plant variations exist. For detailed information,
see NUREG/CR-4948 Y

2. The majority of the makeup flow is provided via the RCP seals,



Reactor letdown entering the CVCS is controlled by redundant, isolation valves. These valves
#z.¢ interlocked with the pressurizer, and close on a low pressurizer alarm to isolate the letdown portion
of the system. A combination of two heat exchangers are used to reduce the coolant temperature from
reactor temperature (540°F) to approximately 120°F. The Westinghouse and Combustion Engineering
CVCS designs use a regenerative heat exchanger to initially lower the letdown flow temperature trom
reactor coolant temperature of 540°F to approximately 290°F, while increasing the charging flow
temperature before returning it to the RCS. A second letdown heat exchanger which is non-regenerative,
lowers the letdown fluid temperature to approximately 120°F.  This reduction ensures the proper
operation of the ion exchanger. Cooling water to the second letdown heat exchanger is provided by the
Component Cooling Water (CCW) system. The effect of aging on the CCW system was studied in
NUREG/CR-5052 and 56937 A pressure-regulating valve controls fluid pressure to ensure it does

not flash to steam during the temperature reduction.

Letdown orifice valves downstream of the regenerative heat exchanger control the flow rate. This
control is required to regulate the amount of RCS purification, or to achieve a faster change in RCS

boron concentration. The letdown orifice valves also isolate the letdown line upon an ESF signai.

A three-way temperature divert valve directs the letdown flow, depending upon fluid temperature.
Normally, the flow is directed 1o the ion exchangers. However, if the temperature exceeds approximately
140°F, the fluid is bypassed around the ion exchangers. High temperatures reduce the efficiency of the

ion exchanger, and shorten the lifetime of the resin bed.

A combination of mixed bed and cation ion exchangers purify the coolant. Redundant ion
exchangers are installed to permit one to be removed for maintenance, while still maintaining the system

operational. Mixed-bed ion exchangers contain both anions ana cations, 2nd also serve as very effective

2-5
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erud filters. B&W provides two, parallel mixed-bed ion exchangers and a cation exchanger which is used

to control lithium, cesium, yttrium, or molybdenum. Letdown filters, located downstream of the ion

exchangers, provide mechanical filtration, and prevent broken resin beads from entering the RCS.

A level divert valve controls the direction of flow from the filters. Flow is normally directed to
a spray nozzle in the top of the volume control tank or makeup tank in B&W plants. However, flow can
be diverted to other storage tanks if a pre-set level is exceeded in the volume control tank. This is
necessary to maintain sufficient volume in the tank to accommodate pressurizer level changes. By
controlling both the letdown and the charging flow, the pressurizer level can be adjusted.  An
averpressure of hydrogen cover gas is maintained in the Volume Control Tank (VCT) which enables the
hydrogen gas to be absorbed by the fluid as it enters the tank. Upon reaching the core, the radiation will
causc the hydrogen to associnte with any free oxygen. Chemical addition taps are also provided for
adding lithium hydroxide and hydrazine. Lithium hydroxide assists in controlling pH to minimize
corrosion, and hydrazine serves as a oxygen scavenger during cold shutdowns. An additional tap in the
line between the volume-control tank and the charging pump suction allows for zmergency boration. To
resist corrosion, the tank is fabricated from austenitic stainless steel. Redundant, normally closed motor-

operated valves (MOVs) are located between the Reactor Water Storage Tank (RWST) and the charging

pumps

Depending upon the plant's design, the charging pumps may serve both as the normal source of
charging flow to the RCS, and as high-pressure injection pumps in an emergency. The majority of PWR
plants use the charging pumps to supply high pressure injection. However, CE and some Westinghouse
plants have separatc high pressure injection pumps (Table 2.3) which are not used to supply charging

flow during normal plant operation.
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Table 2.3 PWR Plunts with Separate High Pressure Injection Pumaps

Westinghouse
H.B. Robinson
Kewaunee Turkey Point 3 & 4
Point Beach 1 & 2 Indian Point 2 & 3
Prairie Island 1 & 2 Yankee Rowe {
Babeock & Wilcox
Davis Besse
Combustion Engineering
Arkansas 2 San Onofre 2 & 3 |
Calvert Cliffs 1 & 2 St. Lucie 2& 3
l Fort Calhoun Waterford 3 |
Milistone 2 Palo Verde 1.2,&3
I Palisades I
~

Typically, three pumps are provided (combination of centrifugal and positive displacement) for
charging and high pressure injection. The centrifugal pumps are normally used for emergency high
pressure injection, and power is supplied from a vital, Class 1E bus. If the charging pumps do not
provide emergency cooling, then power may tc supplied from non-vital power busses. Most of the
charging pump discharge flow enters the charging header, with some diverted for reactor cooling pump
seal cooling. The charging flow is directed thivough a regenerative heat exchanger in order to increase
the temperature before injection back to the RCS; this minimizes the risk of thermal shock to the reactor

pressure vessel,

27



The reactor makeup portion of the system is used to adjust the RCS boron concentration
(increase or decrease) and compensate for any system leakage while maintaining a constant boron
concentration. Water (from the primary water storage tank) is fed through the blender by a flow con.rol
valve to the volume control tank to dilute the RCS boron concentration. To increase it, concentrated
boric actd is transferred from the boric acid tanks by dedicated transfer pumps, through the blender, to |
the charging pump suction. The boric acid tanks are electrically heated and the piping in the boric acid
flow path is heat traced to ensure that the boric acid remains in solution. The boric acid blender limits
the flow to approximately 10 gpm, so an alternate boration flow path is provided for emergencies. Both
boric acid and pure water are used to compensate fo; RCS ieakage and maintain the system boric acid

concentration.

2.2.2  System Instrumentation

Process control instrumentation is installed to monitor key operational parameters. The

instrumentation furnishes input signals for monitoring, alarming, and/or control purposes. Indications

and alarms are normally provided for:

a. Temperature

L. Seal water return temperature upstream and downstream of the heat exchanger,

o

RCP No. 1 seal outlet temperatures to monitor seal water leakoff temperature

3 Temperatures upstream and downstream of the regenerative heat exchangers to ensure that the
fluid does not exceed the saturation temperature of the letdown stream at the pressure pe-vailing
downstream of the letdown orifices,

4. Discharge temperature of letdown line relief vaives, for actuation or leak indication,
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?- 5. VCT outlet temperature,
|

6. Outlet temperature of the letdown heat exchanger to ensure it does not exceed limits necessary

for proper demineralizer operation,
7. Lower bearing temperatures on the RCPs to ensure adequate cooling. High temperatures could

be an indication of seal water loss or reactor coolant backflow, .
8. Temperature of the boric acid batching tank and flowpath to ensure an adequate boric acid

solution,

b. Pressure

) Scal water pressure upstream and downstream of the seal water filter to ensure proper operation,
2. Letdown heat exchanger outlet pressure used to set a control valve to match back pressure on
RCP scals,
3. RCP seals diffe, _itial pressure which indirectly monitors the direction and magnitude of seal !

water injection.

4 Pressure downstream of the letdown heat exchanger to prevent steam flashing, ‘
|
; : |
- A Pressure of the demineralizers upstream and downstream, |
6. VCT pressure to ensurc overpressurization,

7. Charging and boric acid pumps suction anud discharge pressure,

8, Differential pressure across seal injection and boric acid filters.

¢. Flow
2 Letdown flow rate,

|
8 RCP scal water injection flow to ensure adequate flow,
29
|
|
\
|
y
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3 Flow rate of the demineralizer and deionizer,

4 Controlled leakage flow of the RCP seal water,

3. Bypass flow to RCP No. 1 seal of the monitor seal water flow,
6. Charging flow,

p Emergency boration flow,

d. Water Level

1. VCT level

ro

Reactor coolant stand pipe level to monitor seal backpressure

3 Boric acid tank level

Some specific control functions include:

a. Letdown flow is diverted to the VCT upon high temperature indication,

b. Pressure is controlled upstream of the letdown heat exchanger to prevent flashing to steam of
the letdown tiow,

c. Charging flow rate is controlled during charging pump operation to ensure acceptable power
operation,

d. Water level is controlled in the VCT,

& RCP seal injection flow is controlled,

f Temperature of borated water is controlled to maintain the boric acid in solution.
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223 Modes of Operation

Reactivity control in PWRs is controlled by a combination of control rods and the CVCS. The
control rods are positioned in the core to control short-term reactivity effects. The CVCS compensates
for long-term reactivity effects due to coolant temperature changes, xenon concentration, and fuel burn-

up by controlling the amount of soluble boron in the RCS.

The CVCS can be placed in several different modes of operation, depending primarily upon plant
operating tatus. These are feed-and-bleed, automatic makeup, dilution, boration, emergency boration

and manual

2231 Feed-and-bleed

The charging and the letdown functions of the CVCS maintain a programmed pressurizer water
level, which, in turn, maintains a proper coolant inventory during all phases of plant operation. This is
achieved by a continuous feed-and-bleed process, during which the feed rate is automatically controlled
based upon pressurizer level. The actual bleed rate is chosen to suit various operational requirements

by selecting the proper combination of letdown orifices.

During this mode of operation, the CVCS cools and maintains the proper water-chemistry levels,

as described in Section 2.2.1.

2-11

W =k Mo, T

sp g Dl B Bl i A



2.23.2 Automatic makeup

Under this mode of operation, the CVCS automatically provides a boric acid solution preset to
match the RCS boron concentration. This compensates for minor coola'it leakages without significantly
changing the boron concentration. Upon receipt of a pre-sct low level signal from the VCT level
controller, a signal is sent to open the makeup stop valve to the charging pumps suction, the concentrated
boric acid control valve, and the primary water makeup control valve. The flow controliers then blend
the makeup stream to the desired concentration of boric acid. Makeup addition to the suction header
of the charging pumps causes the VCT level to rise. Upon attaining the pre-set level, makeup addition

is halted,

2.2.3.3 Dilution

Under this mode of operation, a pre-selected amount of prirmary water makeup, at a set flow rate,
is added to the RCS. This allows primary water 1o be added to the VCT and to the charging pump
header. When the preset amount of water has been added, the batch integrator closes the primary water

makeup control valve and stops the reactor water makeup pump.

2.2.34 Boration

This mode of operation is the reverse f the dilution mode, and adds a pre-selected
concentration of boric acid solution to the RCS. The ma‘eup stop valves to the VCT are closed, and
the makeup stop valve from the boric acid tank to the suction header of the charging pumps is opened.

Typically, the total quantity of boric acid solution added is so small that it has only a minor effect on
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VCT level, When the desired concentration increase has been attained, the batch integrator causes the

boric acid transfer pumps to stop, and closes the boric acid control valve.

2.2.3.5 Emergency Boration

The emergency mode of operation provides a highly concentrated boric acid solution to the RCS
to provide negative reactivity for a steam break accident. The high head injection pumps discharge
through the boron injection tanks (BITs) to the RCS. These tanks contain boric acid at a nominal
concentration of approximately 12 weight percent (20,000 ppm). Paialiel motor-operated valves isolate
both the suction and discharge lines. Upon an ESF signal, the valves open to receive discharge flow from

the HPI H»umps.

2.2.3.6 Manual

The manual mode of operaticn allows a pre-selected quantity and blend of boric acid solution

to be added to the refueling water storage tank, spent fuel pool, or other locations where needed via

temporary connections, While in this mode of operation, the automatic RCS makeup function cannot

operate. The discharge flow path is obtained by opening the desired manual valves.

23 Variations

231 Westinghouse'*"*

The one major design change made to the Westinghouse CVCS has been to allow load following

capability over the entire fuel cycle. Older plants only had the capability to load follow over ceitain
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portions of the fuel cycle. The addition of the Boron Thermal Regeneration System (Figure 2.2) provides
plants the capability to load follow at any point in the fuel cycle (Table 2.4). Such capability increases
the complexity of the sysiem’s design, though plants do not generally use this function. Storage and
release of boron is determined by the temperature of the letdown stream at the inlet to the thermal
regeneration demineralizers. A chiller unit and heat exchangers are used to provide the desired fluid
temperature at the demineralizer inlets for either boron release or storage. Boron content in the letdown
stream may be monitored before it is diverted for processing, or after it has been treated by the thermal

regeneration process.

23.2  Combustion Engineering'®

Figure 2.3 shows the CE CVCS. The one major design difference incorporated in the CE design
is a reactor coolant bleed through seal cooling for the reactor coolant pumps, as opposed to the common
scal injection designs of Westinghouse and B&W. CE plants aiso use a dedicated high pressure injection

system.

233  Babcock & Wilcox!”

Figure 2.4 shows the B&W Makeup and Purification System. B&W uses signals from the control
rod position indication to control boron, as opposed to relying solely on process flow A regenerative
heat exchanger 1o heat the charging flow is not needed since most of the makeup flow is directed to the
reactor coolant pump seals, as opposed to being injected directly into the cold leg. This is a unique

design which has been reliable, though the required valving scheme increases the system’s complexity.
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Table 2.4 Westinghouse Plants with Beron Thermal
Regeneration Capability

Farley | & 2

Shearon Harris

Virgil Summer

Braidwood 1 & 2

Byron 1 & 2

Calloway

Catawba | & 2

Commanche Peak | & 2

McGuire | & 2

Millstone 3

Seabrook

South Texas | & 2

Vogtle 1 & 2

BEERIEhNLAE

Woif Creek
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3 OPERATING AND ENVIRONMENTAL STRESSES

While providing various operating and emergency functions, the PWR CVCS system is subject
to a variety of operating and environmental stresses, which, over time, may lead to age degradation.
These include mechanical, electrical, and environmental stresses, along with stresses induced from human
error. Common mechanical stresses include wear, fatigue, vibration, and corrosion. Electrical stresses
result from power surges, electrical noise, and instrument drift. Environmental stresses, primarily
temperature and radiation, may also result in system and component aging. Externally induced stresses
resulting from human error, improper maintenance, and testing may also contribute to the aging process.
These stresses, acting in combination, tend to produce greater synergistic effects than if they were acting

individually.

Aging failure mechanisms resuit from the long-term exposure to operating, environmental, and
external stresses. Component degradation results in a decrcase in the physical properties, and
functionality, affecting component operation, and in some instances plant safety. This section describes
the individual stresses and potential aging effects for the major system components. Though specific

plant system designs may vary, the actual stresses and the aging effects are similar.

3.1 System Operating Stresses

During normal operation, the majority of the CVCS components are required to be aperational
in order to provide for RCS level control and chemistry control. The remaining compeaents are
maintained in standby, including one charging pump, deionizer, and the boric acid transfer system. These

components must be maintained to ensure they will operate when needed.
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The system operating stresses during normal and emergency operation are:

. Mechanical Wear: The physical interaction between the system's sub-components may produce
significant frictional forces. Over time, these forces may produce material wear, galling, and
fretting. Valve seat and disc wear, and pump impeller and piston wear are typical exampies for
the CVCS.

. Cyclic Fatigue: Cyclic fatigue results from the application of repeated loads. High cycle fatigue
results from vibration due to high-frequency loading at low amplitudes. The vibration resulting
from positive displacement pump operation produces vibrations which may cause cracks in

suction and discharge piping.

. Debris and Crud: Debris and crud, originating throughout the primary system, may be
transported and deposited in any of the system's components. Resin carryover from the
deionizers may block the flowpath in the system filters, valves, and heat exchangers restricting

flow.

. Emergency Actuations: In many plants, the CVCS also provides high pressure injection in
emergency situations. This actuation results in the sudden start of standby centrifugal pumps,
the rapid closing of containment isolation valves, and realignment of the suction flow from the
VT to the RWST. In addition to presenting challenges to the operation of these components,
ESF actuations also chalienge other plant safety systems, which also may contribute to age

degradation.
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Boric Acid Corrosion: High concentrations of boric acid solutions are required to be maintained
for rapid control of reactivity in emergency situations. Primary coolant leakage which contains

boric acid may cause corrosion of carbon steel components.

Electrical Surge: Electrical transients, resulting from disturbances in the current supplied to
pumps and valves in the system, can cause system faults, spurious operation, and aging

degradation.

Electrical Noise and Drift: Electrical noise and drift may produce electrical circuit perturbations.

If not detected and corrected, spurious component actuation and aging degradation may occur.

Vibration: Vibration caused by either coolant flow or component operation may result in
physical motion of components. This displacement may lead to wear, crack initiation or growth,

galling, and component failure.

Maintenance: Normal, regularly scheduled maintenance, designed to maintain the operability

of components and of the system may place stresses on individual components.

Testing: To ensure the operational resdiness of those components required to provide high
pressure injection, quarterly system testing is required. These tests range from valve actuation,
to establishing flow from the charging pumps. Over the 40-year design life of the system, these
tests result in a considerable amount of stresses. The characteristics of the required test also may
be detrimental to the component. For example, operating the pumps in minimum flow mode

may cause pump damage and failure.
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. Human Error:  To maintain the operational readiness of the system, numerous tests and
inspections are required. Human error in performing these tests may result in coo ant chemistry
fluctuations, or spurious component actuation, generating mechanical and electrical stresses,

which can accelerate age degradation.

32 Environmental Stresses

Temperature is the primary environmental stress which can affect CVCS operation. A review
of plant operating experience indicates that the system is susceptible 1o elevated temperatures. However,
the majority of the components are outside the containment, where temperatures are relatively low. The
system has not shown a susceptibility to other environmental stresses, such as radiation and humidity,

again because they are located outside the containment, in relatively cool and low radiation areas.

The two components which are most susceptible to high temperatures are the charging pumps
and the demineralizers. A chiller is provided for the pump room where the charging pumps are located
to dissipate the heat generated from operation.  This chiller is required to be functional, and if not,
corrective measures must be taken in a timely manner, or the pumps removed from service. High
letdown fluid temperature may also result in improper demineralizer operation.  High fluid temperature
will result in the premature degradation of the resin, resulting in high coolant chemistry contaminant and

boron levels, and potential operating transients.

As discussed in Section 2.0,the CVCS system is comprised of various fluid handling components

(e, pumps, valves, heat exchangers, demineralizers) which are used for both normal operating and
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emergency conditions.  Each component is subjected to mechanical, electrical, and environmental

stresses of varying intensity, frequency, and duration.

This section describes the primary operating and environmental stresses which affect the main
system components.  Table 3.1 summarizes the potential degradation mechanisms, failure modes, and

inspection methods which could detect these potential failures.

g Pumps: The CVCS charging pumps, and boric acid transfer pumps are subjected to numerous
mechanical and electrical stresses during operation. These stresses, over time may lead to
mechanical wear, primarily of the impeller and piston. Operating experience has shown that
positive displacement pumps run rougher than centrifugal pumps, and the resulting vibration may
cause fatigue failures. Both the charging and boric acid transter pumps are susceptible to flow
blockages and corrosion from the highly concentrated boric acid. Performance of the required
maintenance and testing on the pumps, particularly on the charging pumps may also be a source
ol stress. The primary failure detection methods include visual inspections for coolant leakages,

and operating tests to monitor and trend the pump operating characteristics.

. Valves: The CVCS utilizes various types of valves (check, motor-operated, air-operated) to
perform the desired operating and containment isolation functions. All valves are subject to
corrosion and flow blockage due to boric acid precipitation. Flow-induced vibrations may result
in wear on the check valve internals. These siressors may result in internal leakage past the seat
or external leakage. Valve operability and position verification are the primary means of assuring

operability.
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Table 3.1 CVCS Component Potential Degradation Mechanisms,
Fallure Modes, and Detection Methods

Component Aging Stressors Degradation Failure Mode Failure
Mechanism Detection
methods
Charging Pumps | Operating Mechanical Wear | Failure to start Visual
*Centrifugal transients Vibration Failure to run inspections
* Positive Maintenance Fatigue Primary Coclant | Operating tests
Displacement Testing Corrosion Leakage *Speed
Normal Flow Blockage *Flow
operation Electrical * Differential
Transient pressure
*Vibration
*Temperature
*Lube Oil
Monitoring
Valves Operating Mechanical wear | Internal leakage | Visual
* Motor- transients Flow blockage External leakage | inspections
operated Maintenance Corrosion Failure to open Operating
* Air operated Testing Electrical Failure to close tests
*Check valves Normal transient *Position
operation Flow induced verification
vibration *Stroke time
* Flow
verification
Heat Exchangers | Operating Flow blockage Internal leakage | Operating tests
*Regencerative transient Corrosion External leakage | *Inlet and outlet
*Non- Tube jeaks flow
regenerative *Pressure drop
*Qutlet
temperature
Volume Control | Operating Corrosion External leakage | Operating tests
Tank transients Flow blockage *Level
Fabrication monitoring
deficiency *Pressure
Nornal indication
operation

M




Heat Exchangers: A series of heat exchangers is used to reduce the temperature of the letdown
flow. This temperature reduction is necessary for proper operation of the demineralizers.
Regenerative heat exchangers are used in several plants to increase the temperature of the
charging flow to minimize the risk of thermal shock. Operating transients which result in flow
blockage, corrosion, or internal tube leaks may result in degraded operation. Operating tests 10
measure the temperature reduction, and output flow and pressure are the primary means \o

assess operability.

Volume Control Tank: The volume control tank is used as a holding tank for (ne uacess letdown
flow. 1t also maintains the hydrogen overpressure, which is absorbed by the reactor coolant, and
allows for the scavenging of any free oxygen in the core. The tank is fabricated from Austenitic
Stainless Steel to resist corrosion. Operating transients resulting in the overpressurization of the
tank, operational problems causing a vacuum, and fabrication deficiencies resulting in ecternal
leakage are the primary degradation mechanisms. Tank instrumentation (level and pressure) and

visual inspections are the primary monitoring methods to ensure integrity.
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4. CVCS OPERATING EXPERIENCE

41  Intreduction

A primary objective of this study was to assess the impact of aging on the PWR CVCS. To
accomplish this, the individual component and system failures were reviewed. As defined in NUREG-

1144, the following criteria must be satisfied for failures to be classified as aging related:

“The failure must be the result of cumulative changes with the passage of time, which if

unchecked, could result in the loss of function and impairment of safety. Failures causing aging include:

a)  natural, internal, chemical, and physical processes which occur during operation,

b)  external stresses (radiation, heat, humidity) caused either by storage or operating environments.

In addition, to eliminate failures due to "infant mortality”, the component must have been in service for

at least six months.

A review of the operating and failure history for each of the PWR CVCS designs suggest that
each has experienced age degradation (>50%) with varying plant and system effects. This data was
obtained from two sources of information on nuclear plant operating experience:

1)  Nuclear Plant Reliability Data System (NPRDS), and

2)  Sequence Coding and Search System (SCSS).
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The NPRDS is a computerized information retrieval system maintained by the Institute of
Nuclear Power Operations (INPO). Performance information provided by this system is based upon
failure event reports of key components submitted by the nuclear utilities. NPRDS gives access to

historical engineering data reflecting a broad range of operating experience.

The Sequence Coding and Search System (SCSS), also known as the LER data base, summaries
for cach LER. Thesc entries supply information on the failed components mentioned in each LER, the

root cause of the failure (if known), and the effect upon plant operation.

Both databases were searched for CVCS failure data. The LER database contains information
primarily on failures which occurred during plant operation. The NPRDS data base contains component
failure data found during maintenance and outages, as well as during operation. There is duplication in
the data bases, however, it was important to review both to obtain an understanding of all the reported
failures. Due to the voluminous amount of data in these databases for the 1980-1991 time period, a
detailed review was limited to the 1988-1991 period. This also limits the data to the post-1984 period
when the LER reporting requirements were revised, and the NPRDS contents became more thorough.
In addition to the failures reported to the databases, plant visits were conducted tc obtain additional

intormation on system aging. The results of these visits is presented in Section 6.0.

Figure 4.1 shows the total number of CVCS failures contained in these databases for this period.
The actual number of failures reported to the NPRDS greatly exceeds the number of LERs (3384 vs.
645). The number of failures reported to the NPRDS exceeds that reported on LERs because most
CVCS failures were found during regularly scheduled maintenance and inspections. and did not result

in plant operating effects.
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Flgure 4.1 CVCS fallure occurrences

Based upon a review of the information obtained from these searches, it was concluded that
failures affecting each of the main sub-components were reporied. Figures 4.2 and 4.3 shows the
percentage of total failures for the system components as reported by the NPRDS and the SCSS
databases, respectively. Though the actual number of failures differ between the two databases, the same
components were identified, with pumps and valves being the most frequently reported. In a fluid control
system such as the CVCS, which is predominantly comprised of pumps and valves, engineering judgement
dictates that these would be the most commonly failed components. Failures affecting the other
components (instrumentation, demineralizers, heat exchangers, and piping) were reported, but much less

frequently

While similar component failures were identified in both databases, components (i.e., valve
operators) were not specifically identified in the SCSS database. These differences are primarily due to

the type of failures contained in each. A review of the valve operator failures indicated that many were

s
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Figure 4.3 CVCS component follures reporied to SCSS
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identified during regularly scheduled maintenance before their operation was affected. Since no plant

operation perturbation resulted, LERs were not written

As deseribed in Section 2.0, the primary functions of the CVCS are to control the letdown and
charging flow, maintain water chemistry, and provide reactor cooling pump scal water flow. Failures
affecting these functions would not normally be anticipated to have significant plant effects. This was
confirmed from the failure review, which showed that the majority of the failures resuited in system

effects only

The charging, letdown, and RCP seal cooling functions were the most frequently affected by
component degradation (Figure 4.4). As discussed previous'y, the primary safety function of the CVCS
is to provide high pressure injection. HPI aging was not specifically considered in this study and was
addressed in a previous NUREG/CR (Ref. 3)  However, failures affecting this function, and the

components needed to provide it, would be expected to result in more significant plant effects. The
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Figure 4.4 System functions affected by component lailure
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failures categorized as other system failures include degradation of CCW, RHR, and HPI systems. These
failures were listed with CVCS since the affected components were common to both (e.g., regenerative

heat exchangers)

Figures 4.5 and 4.6 show the specific plant and system effects resulting from these component
failures. The two most common effects were inoperable components and the loss of a particular sub-
system train. Again, due to the redundancy designed into the PWR CVCS system, *he effects on plant
operation were minimal, and those which did occur, were detailed in the SCSS database. A major effect
common to all the failures, though not readily discernable from the LERs, was loss of redundancy. As
described, the system is designed with multiple components and flowpaths to ensure continuous operation
in the event of failure. Frovided these alternate components and trains remain fun-tional, such failures
are not critical, however, in the event of a failure of the redundant component, the potential effect could
be more severe, and affect plant operation (i.e., reactor coolant chemistry variations, and pressurizer level

changes)

Effect of failure

Loss of Function
Degraded Operation

Loss of Redundancy

81a
Loss of Sub-System RIS m f?;

No Affect

0%  10% 20% 30% 40% 50%  60%
Events Reported per NSSS Vendor
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Figure 4.5 Effect of failure (NPRDS)
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Figure 4.6 Effect of fallure (SCSS)

One area where there was a large discrepancy was in the number of failures attributabie 10 aging
As shown on Figure 4.7, the majority of failures contained in the NPRDS database were found to be
aging, while the majority of failures in the SCSS database were non-aging related (Figure 4.8). Again
this may be explained through the redundancy buiit ino the system. Failures of the CVCS typically did
not affect plant operation; therefore, many of the LERs were based on design discrepancies, missed
surveillances and inspections, and system actuation due to other system failure or degradation. CVCS
component failures did not typically result in an LER. Conversely, the NPRDS database reported all

component failures and degradations regardless of the effect.

Information on the failure of specific components obtained from reviewing the two databases

discussed in greater depth in the following sections.
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42 NPRDS Failures

421 Valve Failures

Among the individual sub-components in the PWR CVCS system, valve failures accounted for
the majority of system failure occurrences (1533 total). Depending upon the specific function, various
types of valves and actuators are used.  As shown in Figure 4.9, most reported valve failures and
degradations affected gate and globe valves. A review of the various system designs for the PWR CVCS
indicate that these types of valves are commonly used throughout the system to either isolate or direct
flow through the major sub-components. Therefore, the relatively large number Hf failures for these valve
types may be attributed to their population. Other valve types (e.g., check, diaphragm, butterfly, etc)
were used less frequently, and accounted for less than 109 of the failures.  Figure 4.10 shows the
particular operators for these failed valves, The majority of these failures affected manual, motor-
opera.ed, pneamatic, and mechanical valves. Mechanical vaives (e.g., reliet valves) use spring force and
differential pressure 1o open and close. The review of the operator type indicates thay the valve failures

were not restricted to one type of operator.

in the NPRDS database, the age of the valve at failure coincides with the age of the plant. To
account for component population variations within each of the age categories, this data was normalized
by unit years of operations. As shown in Figure 4.11, the number of failures per unit-year, show an initial
rise up to 5 years of service, then demonstrate a steady decline cut to 15 years. This trend continues for
CE, however, for W and B&W plants, an increase in failures is seen. The exact cause for these trends
is not discernable from the data; the decrease in tailures probably reflects the positive results from

. increased valve maintenance and surveillance. As the monitoring programs become more sophisticaied,
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Figure 4.11 Valve age at failure (NPRDS)

the number of valve degradations reported may also increase. Nevertheless, licensees should monitor
this trend to ensure that some unknown, or undetected type of aging degradation is not oceurring in these
older valves. The design life of a particular valve depends upon many factors, including its design and
service environment. An increasing trend of failure with age may indicate aging degradation mechanisms
discussed in Section 3.0, including the effects of boric acid and coolant chemistry variations. Valve seat
degradation, packing failures, and other mechanical degradation of the valve internals could also be

affected by these system conditions.

To determine if valve failures were caused by the aging of any particular sub-component(s), each
of the individual failure record was reviewed to identify the specific sub-component that failed. This level
of information was found to be contained cnly in the NPRDS failure narratives. As shown in Figure

4.12, degradation and failure of valve packing accounted for the majority of the failures. These failures
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Figure 4.14 Valve failure causes (NPRDS)

Corrective Action

Recalibrate/Adjust # '3

Temporary Repair A"w ;
19
Modify/Substitute ? :

Repair Component
Replace Part(a)

Replace Component

0% 20% 40% 80% 80%
Total Valve Failures

v [lice | _lsaw

Figure 4.15 Valve failures vs. corrective action (NPRDS)
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422 Pump Failures

The NPRDS database identified 552 pump failures for W and CE plants; only one isolated pump
failure was reported for B&W plants. As described in Section 2.0, both W and CE designs use
combination of centrifugal and positive displacement pumps, while B&W plants use only centrifugal
pumps. Centrifugal pumps are constant speed, constant output flow pumps, while positive displacement
pumps are variable speed, variable flow. Normally, in plants designed to use both types of pumps in the
C'/CS, the positive displacement pumps are used to provide the normal charging flow, while centrifugal

pumps provide high pressure injection.

As shown in Figure 4.16, almost all of the pump failures reported for the CVCS were for the
positive displacement pumps. This would be expected, since failures of the centrifugal pumps would be
reparted for the High Pressure Injection system, and this information is outside the scope of this study.
The typical pump inlet size for these pumps is 2 to 6 inches (Figure 4.17), with only isolated failures
reported for large (6-12 inch) pumps. Because of this frequency, the failure data presented in this
Section will be for the positive displacement pumps only. Other pump failures, such as boric acid

transfer pumps, were not reported frequently to the database.

Figure 4.8 shows pump age at failure, normalized by plant years of operation. For both CE and
W plants, a steady rise in the number of reported ‘ailures is evident for pumps in service past 10 years,
followed by steady decrease in the number of failure occurrences. Similar to valves, these trends may
be directly related to the increased surveillance and monitoring. As more is understood about pump
aging, and the inspection frequency is increased, and the type of inspections and surveillance methods
mature, a rise in the reported failures may be anticipated. However, as these failures are detected and

repaired, the number of failures should level out, or decline. The exact cause for the significantly higher
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occurrence of failures for CE plants is unknown, but may be due to the greater use of positive

displacement pumps (and the failures associated with their operation), than Westinghouse.

As shown on Figure 4.19, packing degradation accounted for the majority of pump the failures
(359 for W, 55% for CE). An additional 15% of the pump failures were due to failed discharge drain
valves, suction manifold check valves, and lube oil system regulating and relief valves. Valve component
failures were due to seat, seal and gasket degradation. Other sub-components which resulted in
approximately 10% to 20% of the failures were due to seal failures (o-ring, plunger, and oil), bearing and
ring wear, and structural and mechanical fastener failures. CE plants reported 12 pump casing failures
due to cracking. Numerous other pump sub-components accounted for the remaining failures. These
random failures included impellers, flanges, and valve and discharge springs. No single component failure

accounted for more than 19 of the failures categorized as miscellaneous.
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Figure 4.19 Pump failure vs. sub-component failed (NPRDS)

The most common failure mode for these reported failures was failure of the pump to run
continuously (Figure 4.20), and was accounted for by degradation and failure of the individual pump sub-
co'nponents, discovered during operation, or during quarterly testing. Decrease in output flow, high lube
o0il temperature, or pump vibration were common indications of pump degradation. In some instances,
the pump actually failed, and in others, the plant staff removed the pump from service prior to failure
upon detecting an operating abnd rmality. In both cases, the failure mode was the same. External
reactor coolant leakage, primarily fron. packing degradation was another significant failure mode. Other
isolated failure modes included fahure 10 start, and internal leakage from seal degradation. These

failures had a minimal effect on plant operation due to the redundancy provided in the system.
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Mechanical wear, both from normal operation, and abnormal wear from pump component
degradation accounted for over 60% of the failures (Figure 4.21). Other potential aging-related causes
of pump failures, include mechanical binding of pump internals, loose pump connections and abnormal
stress levels from high mechanical vibration. Combined, these potential aging mechanisms accounted for
9% of the failures. The remaining 10%, which were non aging related were due to incorrect
maintenance, installation of the wrong component, and incorrect or inadequate maintenance. Over 80%
of the failures were repaired by temporary adjustments and the installation of replacement parts (Figure

4.22). In only isolated failures (i.e., pump block crack) was the pump replaced.
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Figure 4.26 Valve operator corrective action (NPRDS)
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424 Controlier Failures

Automatic system operation is one of the primary operating modes for the CVCS. Typically,
several CVCS functions are automatically controlled to maimain letdown, charging, and reactor coolant
chemistry. Changes are automatically made in response to system changes (i.e, flow, boron content,
pressurizer level). Faiiures of the controllers that accomplish and monitor these functions could result
in variations in plant and system parameters, and affect plant operation. As shown in Figure 4.2,
controller failures were not common for the period evaluated (<5% of the failures), but because of the

potential effect on system operation, the failure data was reviewed to determine their causes and effects.
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For the 1988-1991 time period, 148 controller failures were reported, most of which occurred in
Westinghouse plants. As indicated on Figure 4.29, these controliers utilized electrical signals (voltage
and current) received from system sensors and transmitters. Pressure controllers accounted for an
additional 20% of the failures. Only isolated instances of flow rate or tank level controller failures were
reported. The primary failure modes for the controllers (Figure 4.30) are loss of, or erratic, output. Less
than 10% of the failures resulted in erroneously high or low outputs. A detailed review of the failure
narratives did not reveal specific sub-components which failed, typically the failed sub-component was

not identified, and the controller that failed was replaced.
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Figure 4.29 CVCS controller failures vs. inputs measured (NPRDS)
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Figure 4.30 Controller failure modes (NPRDS)

Figure 4.31 shows the number of reported controller failures, normalized to account for plant
years of operation vs, controller age at failure. Following the first year of operation, a consistent increase
in the reported failures at 10 years of operation is seen for both Westinghouse and CE plants, followed
by a deci'ning failure rate to 15 years of operation. A steady, or slightly decreasing number of failures
is seen for controllers following 15 years of operation. Since the overall failure rate for the controllers
is low, and since the actual sub-component failed was typically not reported, it is difficult to determine

exactly why the rise has occurred with some older controllers.

Figure 4.32 gives the failure causes for controllers. With the exception of the four reported B&W
failures, approximately 80% of the failures were potentially due to electrical or mechanical aging.
Mechanical binding and wear were the most frequent reported mechanical causes, and defective circuitry
accounted for most of electrical causes. Non-aging causes were reported in less than 20% of the

instances, with the installation of the incorrect part being the most common cause.
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43 CVCS LERs

In additior to the system information obtained from reviewing the NPRDS data, LERs aiso
provide important data on events which occurred during plant operation. Often, system and component
failures which occur as a result of, or during, plant operation are not reported to the NPRDS database;
therefore, it was important to evaluate both databases. In order to ensure that the information obtained

from both databases correlated, the same period of review (1988-1991) was chosen.

As discussed (Figure 4.1), 2151 LERs have been written documenting CVCS system failures,
degradations, and operationai problems at PWR plants from 1980-1991. These LERs encompassed all
of the failures associated with the CVCS system, including those not aging-related. Based upon a review
of each LER, and contrary to that seen from the NPRDS review, it was found that the majority were not
aging related and did not document component or system failures. These LERs typically reported missed
or exceeded surveillance and inspection intervals, components inadvertently excluded from inspection
programs, design problems, system actuation in response to other system failures, or human errors

resulting in improper maintenance, improper installation, or improper lineup of system valves.

The remaining LERs, which documented either aging-related, or potentially aging-related failures,
showed that each of the major system components failed during the period. The most frequentiy affected
components were pumps and valves (Figure 4.3); this was anticipated, since the system is comprised
mostly of valves (isolation, control, bypass, and check valves), and redundant pumps (charging and boric
acid transfer). Failures of system piping were also reported in 10% of the LERs. Other component
failures included boric acid heat tracing, instrumentation (switches and level sensors), electrical
components (relays, circuit breakers, and inverters), and single volume control tank and demineralizer

failures.



As described in Section 2, the CVCS system is designed with significant primary component
redundancy and alternate flowpaths, which allows for ease of maintenance while not affecting system
operation, and minimizes the effect of individual component failures on the systems availability. A main
effect of these failures which was not included in the LERSs is loss of redundancy. As described in
Section 8.0, this redundancy was the primary reason why systen: failures do not have a large effect on
core damage frequency and PRA analyses. However, plant operators must remain cognizant of individual
component failures since a loss of redundancy could have a significant impact if the standby component

also fails. Degradation and failures of the charging and boric acid pumps were typical examples.

A significant plant effect was primary coolant leakage. Any CVCS component (outside of
containment) failure or degradation which caused external leakage represents a release of coolant outside
of containment, and if uncorrected could represent a small break LOCA. Examples included failures of
charging pumps (seal failures), valves (degraded packing) and piping (wall cracks) failures. Many of the
reported leaks inside containment were greater than the one gallon per minute leak allowed by individual
plant Technical Specifications. These resulted in plant shutdowns, or removal of one train from service
while repairs were made, Several LERs documented excessive personnel exposure from these leaks.
Other isolated failures resulted in pressurizer level changes due to failures affecting letdown and charging

flows.

4.3.1 Valve Failures

Valve degradation and failures accounted for the majority of LERs generated. In PWRs, the

CVCS utilizes numerous valves of different sizes and operator types for the various system functions

(Section 2.0 and Appendices A-C). Of the 30 LERs documenting valve failures, air-operated valves
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accounted for the majority of these, followed by check, motor-operated and relief valves (Figure 4.33)

I'wo failures were also reported for solenoid operated and manual valves

The specific causes for these failures is shown in Figure 4.34. Of the reported failure causes
none was dominant. Three valves were unable to operate due to the buildup and drying of a on-the-shatt
lubricant. Several other failures were due to packing degradation and aging. Typically, packing failures
ire representative of a maintenance and aging problem. The root failure cause for these failures was
listed as age related degradation, Normally, valve packing wear does not result in an operational
problem. Each occutrence resuited in primary coolant leakage. In addition to the radiation and
maintenance problems associated with such leakages, the boric acid in the coolant is highly corrosive and

uld affect the operability of other equipment in the vicinity of the leak. Other failure causes werg

housing cracks, torn diaphragms, relief valve setpoint drift, and isolated occurrences of internal wear and

Figure 4.33 Valve failures vs. valve type (5CSS)
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Figure 4.34 Valve failures vs. cause (SCSS)

binding. A sig. cant number of failures did not have information on specific failure causes. It was
unclear from the narratives contained in the LERs whether a root cause failure analysis was performed.
Plant operators should ensure that reasonable efforts are made to identify failure causes to prevent them

from recurring or affecting other valves

The effect of these failures depended upon the valve type, failure cause, and valve function
(Figure 4.35). In many instances, several failure effects were attributable to one failure cause; for
example, several check valves failed open due to mechanical wear of the internals. These occurrences
resulted in internal leakage as well as a valve which failed in the open position, Degradation of packing,

valve housing cracks, and relief valves which failed in the open position all resulted in external lcakages.
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Figure 4.35 Valve failures vs. failure effect (SCSS)

Fhough not shown as a specific effect, the majority of failures also represented a loss of redundancy
Containment isolation valves which failed open also resulted in Technical Specification violations by not

meeting the leak requirements as specified in 10CFR50 Appendix J

One instance of emergency safety system actuation in response to a failed open relief valve was
reported. The root failure cause for this was not reported. Failure to close of a manual drain valve
resulted in a large leakage of primary coolant, which resulted in the licensee declaring an unusual event

until the leak was identified. Again, no cause was given, but most probably was due to human error
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Figure 4.37 Pump failures vs. failure cause (SCSS)
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Flgure 4.40 Piping fallures vs. faillure effeci

resulted in primary coolant leakage, with resultant Technical Specification violations, unit shutdown or
power reduction in response to the leakages (2 instances each). Two of the piping failures occurred at
the charging pump suction, and were atiributed to excessive pump vibration. The two cracked welds were

caused by high vibration, and the other by excessive misalignment.

44 Miscellaneous Failures

With the exception of the pump, valve, and piping failres previously discussed, no other system
component accounted for any significant number of failures. A single volume control tank failure
resulting in coolant leakage was reported. This failure must be considered potentially due to aging,

because no root failure cause was provided by the licensee, It is unclear as to whether this failure was
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i1 tact aging-related, since all the volume control tanks are fabricated from austenitic stainless steel.

Depleted resin was the root cause of the one demineralizer failure. This oceurrence resulted in excessive
chioride level in the reactor coolant, resulting in a Techmical Specification violation. Four occurrences
of heat trace failures were reported on the boric acid piping, which were due to degradation in the power
supply to the heat trace; all resulted in one of the redundant boric acid paths being removed from
setvice. Undetected, these failures could result in boric acid precipitates blocking the coolant flow paths
Sensor failure due to connection degradation resulted in two instances of incorrect VCT and RWST level

indications.

45 Summary

The review of operating data for the 1988 1o 1991 period indicates that the CVCS compoients
have experienced notable age degradation and failure. Greater than 50% of the events reported to the

NPRDS and SCSS databases were classified as aging o1 potentially agiug related.

The most frequently affected components were valves, pumps, anc valve operators.  Due
primarily to the redundancy designed into the sysiem, failure of these components did not typicaily result
in significant plant effects. However, these occurrences did represent a loss of redundancy, which in the
event of the failure of the backup component, loss of system function eould result. While not occurring

frequently, system failures have resulted in reactivity transients and pressurizer level changes,

The most common effect of both pump and valve failures was reactor cooiant leakage. This is

significant for components located outside of containment. 1f not detected and corrected, these eveuts

may potentially result in a small-break LOCA. In addition, as specified in plant Technical Specifications,
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unidentified leakages greater than 1 gpm on containment may require either a power reduction or plant

shutdown to repair the leak.

Though both centrifugal and positive displacement pumps are used in the CVCS, most of the
reported failures were for the latter. When operating, thess pumps produce significant vibratory stresses
which have resulted in both pump and piping failures. Aging degradation of the packing and seals due
to wear was commonly reported. These instances resulted in external leakage, and failure to run
properly. Since the positive displacement pumps are not typically used to provide high pressure injection,
the ability of the system to mitigate the consequences of a potential accident were not affected.

However, they did affect the ability of the system to provide charging flow.
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s. EFFECT OF COMPONENT FAILURES ON CVCS SYSTEM

As discussed in Section 2.0, the primary functions of the CVCS are letdown, purification, boration
and chemical addition, boron regeneration, charging, and safety injection. The system consists of the
mechanical components (pumps, valves, heat exchangers, volume control tanks, and deionizers),

instrumentation, and controls, necessary to perform these functions.

A Failure Modes and Effects Analysis (FMEA) was performed for each PWR design to
determine the effects of failures of the major system componenis. Each FMEA included the following

Hems:

a)  Failure Mode: The basic manner(s) which a component may fail or cease to perform as designed.
The failure modes for these components were consistent with those used in industry reliability

standards.

b)  Failure Cause: The particular type of degradation mechanisms which may cause the component

to failure. These stressors were discussed in Section 3.0

c) Failure Effect: The effect on the CVCS system due to the component failure.

d)  Detection Methods: Functional indicators or system and plant operating characteristics which

would alert the operator of component degradation and/or failure.

An important system function in many PWR plants is to provide High Pressure Injection under

certain accident conditions. Since this function was previously evaluated, it was not included in these

5-1



FMEAs. However, it is important to recognize that many of the CVCS components that provide reactor
charging are also used for High Pressure Injection. Aging degradation and failures of these components
which resuit from normal plant operation, will also affect their ability to provide high pressure injection.
It is essertial that system aging be understood, and detected, before it results in the inability of the

system to perform its safety related function,

All PWR plants use the CVCS to provide for ie.down, purification, boration, chemical addition,
and charging functions. Tables 5.1 to 5.3 show the FMEAs for the Westinghouse, Babcock & Wilcox,

and Combustion Engineering CVCS designs respectively,

Each CVCS design has sufficient redundancy, and alternate flowpaths, such that single
component failures will not rendsi the system incapable of functioning. Through manual or automatic
actions, alternate flowpaths can be established, and standby components activated, so that individual
component failures will not adversely affect system operation. For example, the CVCS system contains
redundant letdown and charging valves, deionizers, and charging pumps. However, failure of these
components would represent a loss of redundancy, which in the event of other failures, may render the

system inoperable.

Typically, component degradation and failure will only affect a particular system function, and
not the total system or other functions. For example, a failed deionizer, caused by spent or degraded
resin, will impair only the ability of the system to adequately purify the coolant, but will not affect

letdown and charging flow control. However, if not detected and repaired in a timely manner, the
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degraded operation of the deionizers may affect the operation of other system components due to the

inability to remove the reacter coolant impurities.

Certain system components are required to provide multiple functions, and their failure and
degradation will affect cach function. The regenerative heat exchanger (W and CE) is used for the
letdown flow temperature reduction, and also to reheat the charging flow prior to injection back into the
RCS. Failure »f the heat exchaiger due to inadequate heat transfer, or blocked flow paths (due to the
buildup of corrosion products) may result in out-of-specification coolant temperatures.  High letdown
temperature will prematurely degrade the deionizer resins, while a low charging flow temperature may
cause thermal shock to the injection nozzles. A failure of one charging pump represents a loss of
redundancy which will not normally impact the system’s performance. However, if more than one pump
fails, the system would be unable to provide both adequate charging flow, and reactor coolant pump seal

flow. Charging pump failures will also impact the safety related, high pressure injection as well.

With the exception of system failures which prevent high pressure injection, CVCS failures do
not compromise plant safety. However, they may challenge plant operation. Under normal operating
conditions, the CVCS assists in controlling pressurizer level and RCS pressure; by adjusting both the
letdown and charging flow. Failures which result in the joss of these functions, or flow rate changes, may
result in pressurizer level and primary system pressure perturbations. These occurrences may cause the
activation of other systems, such as the pressurizer heaters or spray, to correct the system's pressure.
Such unnecessary actuations represent challenges to the operation of these systems, and may contribute

to their aging degradation.

Operational effects mav also result from failure of the boration and purification portions of the

system. Reactivity control ‘s accomplished by both the CVCS and the control rod assemblies. The
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control rods compensate for short term reactivity effects, while the CVCS compensates for long-term
reactivity effects due to coolant temperature changes, xenon concentration, and fuel burnup by controlling
the amount of soluble boron in the RCS. Component failures affecting the boration and purification
functions would result in an imbalance of soluble boron, and reactivity transients. Failures of the boric
acid tank immersion heaters, and heat tracing arc typical examples of failures which could prevent proper
boration. Degradation of ion exchanger resins would result in the inability to filter boron from the RCS

and may cause an over-boration condition.

A similar operational effect would result from the failure of the boron thermal regencration
portion of the CVCS in the newer generation Westinghouse plants. Table 5.4 presents the FMEA for
this portion of the system. Failures of the chillers and the boration demineralizers could result in either
the dilution, or over boration of the RCS.  Since this is normally an automatic function, any

unanticipated boron concentration transients would also result in reactivity transients

Another important effect of CVCS component failures is external leakage. Any primary coolant
leakage from components located outside of containment represents both a radiological and an operating
hazard. The uncontrolled release of primary coolant inside containment would present a radiological
hazard to the plant staff. 1f this leakage came in contact with other components, degradation and failure
may result due to the highly corrosive characteristics of the boric acid contained in the coolant.
Unidentified leakages in-containment in excess of the one gallon per minute Technical Specification limit
would require the plant operator to isolate the system and correct the leak.  Undetected and

uncorrected, these may also represent a small break LOCA.



Table 5.1 Westinghouse CVCS FMEAX
{Letdown, Boron Storage, Seal Cooling and Charging)
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Table 5.1 Westinghouse CVCS FMEA

{Letdown, Boron Storage, Seal Cooling and Charging)

Fatlure Mode Faslure Causes Failure Effect Failure Detection
Methods
a. Fads Open Mechanixcal binding Loss of redundancy. Remote Valve
Unabie 10 terminate posiion indication.
ketdown flow. Downstream flow and
temperature
mdicators.
b. Fails Closed Loss of awr or Loss of redundancy. Remote valve position
electncal power. Loss of normal mdication.

Spurous signal letdown flow path thru | Letdown flow and
regencrative beat pressure indicators.
exchanger.

2. Plugged Tubes Corrosion product Reduced letdown ; Flow mdicator.

Boron Buidup.

Foreign matenal in

RCS.

b. Insufficient heat Scale buildap on Temperature of Regencrative heat
transier tubes. letdown flow may exchanger outlet
exceed design limuts, iemperature
resulting 1z possible indicators.
damage w0
downstream
components
c. External leakage Casing crack. Reduced letdown Excessive makeup flow

Vent valve seat flow. rate.
refease. monitors.

d. Tube leakage Corroson. No effect. Pressure differential

Manufactunng defect across heat exchanger.

Temperature
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Tabie 5.1 (Cont'd)

o e =
Component Failure Mode Failure Causes Faslure Effect Failure Detection Notes
Methods
Onfice isolatica a. Fails Open Mechanical binding. Loss of redundancy. Remote valve posiion | Valvis designed o
Valves Loss of normal indicator. fail closed upon loss
letdown flow path. Lerdown flow and of power (or awr
pressure mdicators supply)
b. Fatls Closed Loss of air or Biockage of flow to Remote valve position
electrical power VCT. mdicator.
Spunous signal. Letdown flow and
pressure indicators.
Containment [solation | a. Fails Open Mechanical binding. Loss of redundancy. Remote valve position
Valve Loss of contamment mdicator
1sofation.
b. Fails Closed Loss of aw or Loss of redundaucy. Kemote valve position
clectrical power. Loss of normal imdication.
Spurious signal. leidown flowpath. Letdown flow and
pressure indicators.
Letdown line rebief a. Fails Open Setpomt dnft. Primary coolant Excessive use of
valve Mechanxal fatlure. discharged to makeup water.
pressurper rehefl tank. | Downstream low flow
and pressure
indications.
b. Fails Closed Seipomt dnift. Loss of overpressure ASME Section XI
Mechanical failure. protection. testing.
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Table 5.1 (Cont'd}

— — == =
Component Fatlure Mode Failure Causes Failure Effet Failure Detection Notes
Methods
son-regenerative heat | a. Plugged ubes Corrosion product Reduced letdown Downstream flow and
exchanger buildup. flow. pressure indicators.
Boron butidup.
Foreign Matenal in
RCS.
b. Insufficient Heat Scale buildup on tube. | High exit wmperature | Heal exchanger outlet
Tranoster may excerd design flow temperature
I, resulting 1n mdicator.
downstream
component damage.
¢. Tube leak Corrosion. Contamination of CCW radiation
Manufactunag defect. | COW cooling water. monitor.
Excess use of makeup
water. CUW surge
tank level increase.
Low flow mdication.
d. External leakage “asing crack. Reduced letdown Excessive makeup flow
Vent valve seat flow. rate.
leakage. Primary coolant

release.
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Table 5.1 (Cont'd)
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Failure Causes Failure Effect Failure Detection
Methods

Valve operator Loss of redundancy. Pressure mdicationp

malfuncuon. Loss of pressure. alarm {low pressure,

Mechanical binding. control to prevent high temperature}
steam flashing.

Loss of ar or Loss of redundancy. Remote pressure and

clectrical power. Loss of letdown flow. flow indicators.

Spurious signal. Possible RCS Remote valve position
overpressurnzation. indicator.

Valve operator Pressure increasc n Pressure indication
malfunction. non-regencrative heat | alarm.
Mechanxcal binding. exchanger.
Reduced letdown
flow.
Opening of
downstream relief
valve.
3 Way Temperature a. raiis open for flow Valve Operator | Letdown prevented Remote valve position
Control Valve caly 1o VCT. malfunction. ¢ from flowing o indicator.
Mechamcal failure. demmersizers.
Fission product
buildup.
b. Fails open for flow | Valve operator Continuous letdown | Remote valve position
only to demineralizers | malfunction. flow to demmeralizers. | indicator.
Mechanical failure. Possibie damage to
demmineralizers due 1o
hagh RCS

temperature.
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Table 5.1 (Cont'd)

W

Failure Causes Failure Effect Faslure Detection
Methods

Mechanical binding. Overpressurization of | VCT pressure

Vaive operator VCT wath Hydrogen indicator.

malfuaction. or Nitrogen.

Loss of air supply. Loss of bydrogen and | VCT pressure

Spunous signal. Nitrogen flow to VCT | indicator and low
resulting in RCS pressure alarm.
fission product
increase.

Mechanicai binding. Loss of VCT pressure

Valve operator overpressurization of indicator.

maifunction. VCT.

Loss of air supply. Loss of venung VCT VCT pressure

Spurious signal. gas moxture to boron inaGicator and remote
recycic degassifier. high pressure alarm.

Mechanical binding. High primary makeup | Low boren

Valve operator flow to VCT. Possible | concentration. High

malfunction. RCS deboration. fiow and VCT level

indicators.

Shaft bir. ing. Vahe Low primary makeup High boron

operator ¢ alfusction. flow rate to VCT. concentration. Low
Possible overboraton flow indication 10
of RCS. VCT.

Manufacturing defect.

Loss of all, or paruai,
volume of tanks. [oss
of bor.c aad supply to
VCT and RCS.

Tank level monitors.
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Table 5.1 (Cont’d)

Component Failure Mode Fatlure Causes Failure Effect Failure Detection Motes
Methods
Bonc Aad Blender a. Fails Open Mechanxal Binding. Unable to provide Valve position
Outlet Flow Control Valve operator failure. | required concentration | indicator.
Valve of bornic acd 1o RCS Bonc aad flow
when attamning a hot recorder.
shutdown.
b. Fails Closed Loss of air supply. Unable to provide Valve position
Spunous signal. concegtrated borc ndicator.
hot shutdown. recorder.
VCT Outlet Conirol a. Fails Open Mechanical binding. Ao Effect. Valve position
Vatve Vaive operator f{ailure. indicator.
b. Fails Closed Loss of power. Loss of fluid flow Valve position
Spurious signal. from VCT to charging | indicator.

pumps.

VCT level indicator.
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Table 5.1 (Cont'd)

Component Fatlure Mode Failure Causes Fadure Effect Failure Detection Notes
Methods
Charging Pumps a. Fatlure to operate Shafi shear. Loss of redundancy Pump outlet flow and | Only normal
{Cemnifugal and continuousiy Shaft sewure. Unabie to provide pressure operation of charging
positive displacement Motor farlure. charging flow under mstrumentation. pumps 1s considered.
pumps} Loss of power. normal operating Curcunt Breaker tlgh pressure
Loss of suction head. condiucns {5 pumps monstonng hight. mjection not mcluded
faud) m ths study.
b. Degraded Boron crystallization. Loss of redurdancy. Pump outlet flow and
Operation Diegraded suction. Unable te provide pressure
proper charging flow mstrumentaton.
in response o
operations. Loss of
RCP seal water of
cooling.
<. Spunous Start Spurious clectnical Possible excessive Pump outlet flow and
signal. RCS charging flow. pressure
mstrumentation.
Circust breaker
monitonng hghts.
Charging Pumps a. Fails to open Broken nternals. Loss of redundancy. Charging pump outpet
Outlet Check Valves Faugez. Failure to provide flow and pressure
Vibration. desired output mdication
chargmng flow and
RCP seal cooling flow.
b. Fauls to open fully Broken mternals. Loss of redundancy. Chasging pump output
RCS debris. Failure 1o provade full | flow and pressure
flow for charging and ndicator.
RCS seal cooling,
c. Fauls to close Broken mternals. Backflow to pump, Pump operating i
Fatgue. may be unable to reverse.
Vibraton. provide design flow.

RCS debns.
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Table 5.1 (Cont’d)

—
Failure Causes Failure Effect Failure Detection Notes
Methods
Mechanical Pinding. Unabie w0 Charging water flow
svtomatically adjust mdicator.
charging flow through
control cf pressurzer
water level and
chargmg flow.
Loss of awr or Unable w0 Low charging flow
clectrical power. automatscally adjust ndication.
Spunous signal. chargmg flow through
control of pressury ~r
water level 2nd
charging flow.
Normal boranon fow
path unavailable.
Charging Flow a. Fails open Mechanical Binding. Loss of redundancy in | Remote vabe position | Valve normally full
Isolation Vaive providing isolaton of ndication. open. Motor
charging line dunng operator energzed
accxdent conditions. upon generation of
b. Fails closed Loss of electrical Loss of normal Remote valve position Y-
power. charging flow path indicator. Letdown
Spunous signal. flow boration, dilution | temperature flow
and ceolant makeup. indicator. Charging
Loss of cooling flow 1o | water flow and
regenerative heat temperature indication
exchanger. VCT level indication.
RCP seal water flow a. Fails Open Mechamcal bindiey Unable to provide RCP seal water flow Valve designed to fad
control valve. Loss of air or manual adjustment of | pressure indication. open on loss of aw or
electrical power. . RCP seal water flow. clectrical power tc
) ) T ; ensure flow o
b. Fails Closed. Spurious signal. I Unable to provide RCP seal water flow sumber 1 seals of
manua’ adjustment of | pressure indicabion. RCPs.

RCP seal water Dow.




9l-¢

Tabie 5.1 (Cont'd)

Component Failure Mode Falure Causes Failure Effect Fadlure Detection Noies
Methods
RCP scal water motor | a. Fas Open Mechanical Binding. No effect other than RCP seal water flow
operated valve Loss of awr or 10 solate seal water pressure indication.
clectrcal power. flow.
b. Fails Closed. Spurus signal. Loss of seal water o RCP seal water flow
RCP seals. RCP and pressoere
damage Prnmary ndication. RCP
coolant leakage. external leakage.
RCP Seals Stand a. Fails Open Mechanscal binding None. Valve position Standpipe alarm set
Pipe Globe Valve indication. 10 allow additional
Standpipe level RCP operation before
indicator, complete loss of seal
water flow.
b. Fails Closed Loss of power. Loss of makeup of Valve position
Spunous signai. scal water to indication standpipe
standpipe wuich level indication.
services th= No. 3
RCF seal.
Seal Water Return 2. Fails Open Setpomt dnift RCP scal water returm | Pressurizer relief tank
Header Relief Valve Mechancal fadure. flow and excess level and pressure
ictdown flow bypassed | indication. VCT level
to pressurezer rehef mdication.
tank. Failure inhibits
use of excess letdown
fluid system as an
alternate means of
letdown flow controls.
b. Fails Closed Setpowmnt dnift. Loss of seal water VCT level indication
Mechanscal fadure return header over pressurzer rehief tank
pressure protection. leve! and pressure
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Table 5.1 (Cont’d)

Fatlure Effect

Faiture Detection
Methods

Loss of redundancy of
providing solation of
seal water and excess
letdown flow.

Remote valve position

Seal water return and
excess }~tdown flow
blocked. coevaded
seal cooling capad 'ty

Remote valve position
indication.  Seal water
return flow ndicator.

e

Poruon of scal water
retern flow and
chargemg pump min-
flow bypassed to VCT.

Hght VCT
temperature.
High scal water heat

exchanger temp.

b. Fails Closed.

Setpoint dnift.

Mechancal faiure.

Loss of seal water
heat exchanger
OVErpressure
protection.

Seal water heat

exchanger pressure
and flow mdicator.
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Table 5.1 (Cont’d)

Component Fatlure Maode Falure Causes Failure Effect Failure Detection T Notes
Methods
Seal Water a. Plugged tubes Corrosion produ-i Reduced seal water Seal water heat
Heat Exchanger buridup. Boron return flow. exchanger flow,
precipitation. temperature, and
Foreign matenal on pressure mdicator.
RCS.
b. Insufficient Heat Scale buildup on High oxt emperature | Seal water flow heat
Transfer. tubes. may exceed VCT exchange flow,
design iemperature. temperature, and
pressure mdicators.
c. Tube Leak Corrosion. Contamination of Seal water heat
*danufactuning Defect. | CCW system. exchange flow and
delta pressure
mdicators.
CCW surge tank level
mdicator.
d. External leakage Corrosion. No effect. Pressure differcntial
Manufactunng defcot. across heat exchanger.
Temper:ture
indicators.
Excess Letdown Flow | a Fails Open Mechanical Binding. Unable to 1solate flow | Remote valve position
Control Valve. to either excess mdicator. Excess
letdown heat letdown pressure and
exchanger or dramn temperature
tank. wmdication.
b. Fails Closed. Loss of power. Unabie to use the Valve position
Spunous signal. excess letdown flud ndicator
sysiem as an alternate | Excess letdown
means of controlling pressure and
letdown flow, and temperatuere
wmdication.

: izer level
control.
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Tabie 5.1 (Cont’d)

Component Fai'ure Causes Failure Effect Failure Detection
Methods
Charging System Loss of electrical For normally open Valve position
Isclation Valves power. valves, no effect mdication. Charging
Mechancal Binding dunng regular flow indicator.
operation. However, Pressurizer pressure
under accident mdication.
conditions, fadure
results in mdicator to
1solate charging linc.
For sormally closed
valves failure results 1n
inadvertent operation

of aux. spray resulting
in reduced pressurizer

pressure.

For normally open
valves, loss of normal




Table 5.2 Babcock & Wilcox - Makeup and Purification System'’
FMEA (Letdown, Boron Storage, Seal Cooling and Charging)
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Table 52 Babcock & Wilcox - Makeup and Purification System

FMEA (Letdown, RBoroa Sterage, Seal Cooling aad Charging)

M ———
Component Failure Mode Failure Causes Faifure Effects Failare Detection
Methods
Letdown Cooler a. Fails Open Mechamea! binding Unable to solate Valve posiion
Isolation Valves letdown flow from mndication.
RCP sucthon. Flow mdicanon.
Loss of redundancy
b. Fails Closed Loss of zlectncal Loss of reduadancy. Valve position
power. Spurious Loss of ictdown flow ndication.
signa! and punfication Flow indicauon.
makeup tank level Makeup tank level
decrease mdicaton.
Letdown Containment | a. Fails Open Mechamcal binding. Unabile to solate Remote valve position
Isolation Valve contamment. mdication.
Downstream flow
indication
b. Fads Closed Loss of elecincal Pressunizer leve! Makeup tank level
power. Spunous increase. mdication.
sigmal. foss of letdown flow Valve position
and punfication indication.
makeup tank level Downstream flow
decrease. mdication.




Table 5.2 (Cont'd)
I Componeat Failure Mode Failure Causes Failure Effects Failure Detection

Methods

Black Onfice a. Fails Open Mechamcal binding. Fxcessive letdown High letdown flow.

isolation Valve flow. High filter pressure
drop.
Increasing makeup
tank level.
increasing pressurwer
level.
Valve positon
mdication.

b. Fails Closed foss of electncal Loss of RCS Low letdown flow.
power. Spurious purnificaton. Makeup | Low filter pressure
signal. tank level decreases drop. Decreasing

makeup tank level
Decreasing pressunzer
level. Valw posiion
ndication.
Letdown Flow a. Fails Open Mechamcai binding. Letdown flow Increzsed letdown and
Control Valve Spunous siznal. wncrease. Loss of makeup flow raics.
redundancy. igh filter pressure
drop.
b. Fails Closed Loss of air supply. Letdown flow Decreased letdown
decrease. Loss of and makeup flow
redundancy. rates. Low flter

pressure drop.

el W

L bl



Table 5.2 (Cont'd)

Component Failure Mode Failare Causes Failure Effeets Failure Detection Notes
Methods
Letdown Flow Relief | a. Fails Open Setpomt dnft. ietdown flow Decreased letdown
Valve Mechanical failure. decrease. Increased flow and pressure
flow 1o hguud radwaste | indication. Valve
system. position indication.
b. Fails Closed Scipont dnft, Loss of pressure rehef | Increased letdown
Mechanical fadure. capability n letdown flow pressure.
header may result in Remote valve pos:tion
overpressurzation and | dication.
component damage.
; i Prefilter Bypass Valve | a. Fails Open Spunous signal. Bypass of prefilter. Decreased filter
o Mechamcai Increased radiation pressure drop. Valve
degradaton. busidup on position indication.
demineralizers.

b. Fails Closed Loss of air supply. Inability to 1solate Valve position
prefilter for mdication.
maintenance.

Demneralizer Inlet a. Fails Open Mechanscal binding. No effect or letdown Valve position
Valves Spunous signal. flow divades between imndication.
Loss of air supply. standby demmerlizers.
b. Fails Closed Mechamical binding. Letdown flow causes Letdown flow and
Spunous signal. and flow diverted to pressure mdicator.
hquid waste storage Makeup and hquid

system via rehief valve.

No effect for standby
deouneralizers.

waste storage tank
level indication. Valve
position mdication.
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Table 52 (Cont'd)
—
Component Failure Mode Failure Causes Failure Effects Failure Detection Notes
Methods
Demneralizers a. Ineffecuve 1on Degraded resin Primary coolant fission | Process radiation
removal Increased resin. product buildup. momtor. Process
chemucal samphing.
b. Plugged Particulate Decreased letdown Demneralize pressure
contamination. flow. and flow mdication.
c. bxternal | cakage Cracked vessel. Primary coolant Deminerlizer pressure
Corrosion. release outside of and fiow indication.
Manufactunng defect. | contamment. [Local radiavion
monitors.
Demunerahize Outlet a. Fails Open Mechanical inding. No cffect for Valve position
Valves Foreign matenal. operaing demuneralize | mdication.
letdown flow diverted Demineralze level
to standby iznks. and flow indrication
b Fails Closed Loss of air supply. Loss of letdown flow. Letdown flow and
Spurnous signal. Loss of RCS pressure indication.
punficatton. Buildup Makeup and hquid
of fission product waste storage lank
contammation. level indication. Valve
posttion indication.
Tnm Bleed Valve a. Fails Open Mechanical Letdown flow diverted | Valve pesition
degradation. Spunous | te RC bleed holdup ndication. Makeup
signal. tank. Makeup tank and RC bleed holdup
level decrease. tank level indicator.
b. Fails Closed Loss of air supply. Possible Valve positon
Flow Blockage . overpressurzation of mdicator. Makeup

ion exchangers since
flow o bleed tank
preventor.

and RC blesd holdup
tank level indicator.

TR
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dilute with distillate
flow.

mdication RCS boron
samphing.

Table 52 (Coat’d)
Component Failure Mode Failure Causes Fatlare Effects Failure Detection Notes
Methods
| Three Way Flow a. Fails Open Spunious signal. Letdown flow diverted | Valve posttion
| Cortrol Valve Mechanical binding. to RC bleed tank, ndicator. Makeup
decreasing makeup and RC bieed hoidup
tank level tank level indication.
Makeup flow
mdication.

b. Fails Clesed Loss of air supply i etdown flow Valve position
blockage Increasing indication. Makeup
system pressure tank level indication.
diverted to hquid
radioactive by opemng
of relief valve.

Distillate Tank Flow a. Fails Open Spunous signal. Loss of redundancy. Valve position
Control Valves Mechanical binding. Possible overdilutior indication. Distaliate
of RCS makeup flow. and makeup tank level
mdication. RCS
boron sampling.

b. Fads Closed Loss of air supply. Possible overboration Valve position

Spunous s:ignal. of RCS makeup flow indication. Ihstallate
by the mability 10 and makeup tank level
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Teble 52 (Cont'd)

Y— — —
Component Failure Mode Failure Causes Failure Effects Failure Detection
Methods
Punficatien Filter a. Fads Open Mechamcal binding. No effect. Pressure drop and
Iniet Vaives Spunous signal. flow through filters.
Valve position
mdication.

b. Fails Closed Spurious signal. i.0ss of redundancy. Valve positon
If both valves fail mdication. Pressure
closed, loss of makeup | drop and flow
flow 0 makeup tank. mndication through

filters. Makeup tank
ievel indication.
Makeup Tank Vent a. Fails Open Spunous signal. Uanable to mamtam Valve posmion
Valve Mecebanica! binding. hydrogen overpressure | indscation. Low
makeup tank pressurc.

b. Faiuls Closed Loss of power. Unable to vent Valve posinon
ovETpressure i wmdication. Makeup
makeup tank. tank pressure

indication.
Hydrogen Supply a. Fails Open Spurnwous signal. Potential Valve position
Valve Mechanical brndng overpressunzathon of mdication. Makeup
makeup tank. tank pressure
mdication.

b. Fails Closed Loss of aur supply. Unable 10 add Valve posihon
bydrogen to makeup mdication. Makeup
tank. tank pressure

Makeup Tank a. Fxternal Leakage Corrosion. Release of pnmary Makeup tank level
Manufacturing Defect. | coclant mside of mndication.

contamment.

r
y
ya——



Table 52 (Cent'd)

=== = w
Failure Mode reilure Canses Faitare “flects
a. Fails Open Spunous signal No cffect
Mechamical binding .
[ oss of power tank level indication.
b. Fails Closed Spunous signal RCS | Loss of sucton © Makcup pumps
contammration. makcup pumps. Low SUCHOn Pressere

scal myection. indication.  increasing
Owerboration of RCS makeup tank level
due 1o flow from Valve position
BWST wdication.
a. Falure © operate Shaft shear. Loss of reduadancy. Pump outict flow 2nd
contmuously Shaft Sezure. Unabie to provide pressere indication.
Motor T alure charging flow and seal | RCP seal emperature.
Loss of power. wmjecton flow (3 Cocunt Breaker
Loss of suctuon. pumps fasls) moastonng beht.
Makeup tank level
mdscation.
b. Degraded Eorona crystalizanon. Less of redundancy. Pump outict flow and
Operation Diegraded suctson Unable o provide pressure dication.
fow. proper charging and RCP =ral temperature
seal mjection flow. mdication. Makeup
tank level indication.
<. Spenous Start Spunous clecancal Pessthie excessive Pump outict flow and
signal makecup flow pressure
mstrumentation.
Makeup tank level
ndicaton. Circuyt
Breaker memtonng

mstrume nialion.




Table 52 (Cont'd)
Component Failere Mode Failure Causes Failure Effects Failure Detection
Methods
Makeup Pump a. Fails Open Spunous signal. No effect. Valve position
Recirculation Valve Mechanical binding. indication.
b. Fails Closed Loss of power. Loss of pump Valve position
rectreulation flow. mndication.
Recirculation hine

pressure indication.

Seal imection flow a. Fails Opesn Loss of air supply. Not effect. Valve posiion
control valve ndication.
Seal mjection filter
pressure drop and
flow indication.
b. Fails Closed Sprinous signal. Loss of redundancy. Valve position
¢ Boron concentration mdication.
of RCS increases due Standby makeup
to flow from BWST. pump operating status.
Boron concentration
m letdown flow.
Borated Water a. Fails Open Loss of electrical No effect, since the Valve position
Storage Tank Qutlet power. makeup tank pressure mdication.
Valve 15 lgher which
maintains check valve
closed.
b. Fails Closed Spunous signal. Loss of pnmary supply | Valve position
of emergency borated | indication.
water. Boron precipitation
BWST level

mdication.

=
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Table 32 (Cont'd)

Failure Mode Failure Causes Failure Effects Failure Detection
Methods
Seal Injection Contro! | 2. Fails Open Loss of electrical No effect. Valve position

Valve

power.

mmdicanon.

b. Fauls Closed

Spunous signal.

Loss of redundancy.
Loss of seal water

mjection flow o RCP.

Roron concentrator in
RCS mncreases.

Seal mjection flow
indication. Boron
concentration mn RCS.
Borated water storage
tank level indicator.

Makeup Control
Valves

——

Potenual loss of
makeup flow.

a. Fails Open iLoss of air suppiy. [ oss of redundancy. Valve position
Mechamical binding. ndication.
b. Fauls Closed Spunous signal. [ oss of redundancy. Valve posthion

indication. Makeup
flow mdication.

Makeup Isolation a. Fails Open Loss of power. Unable to solate Valve position
Valves Mechamcal binding. makeup line. indication. Makeup
tank level indication.
Pressunizer level
mdication.
b. Fails Closed Spunous signal. Loss of redundancy. Pressunizer and
Unable 10 provide makeup tank level
normal makeup flow Valve position
path. indication.
RCP Seal Water a. Fails Open Mechamcal binding. Unabie to isolate seal Valve position
Return Valve Spurnious signal. water return flow if mdication. RC pump
required. cavily pressure.
b. Fails Closed Loss of electnical Loss of seal return Valve position
power. flow from one pump. mdication. RC pump

cavity pressure.
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Table 52 (Cont'd)

=
Component Failure Mode Failare Causes Failure Effects Failure Detection Notes
Methods
Seal Water Return a. Plugged wbes Corrosion provided tnsufficient seal water | Seal water returm
Coolers buildup. Foregn 2nd makeup pump cooler pressure flow
matenal ia RCS cecirculation cooling. and temperature
mdicauons. RCP seal
temperature
mdication.
b. Tube icaks Corrosion. Reactor coolant inflow | CCW surge tank level

$ %

Fabncation defect.

0 CCW. Reduced
seal water return flow
to makeup tank.

indication. Makeup
tank level indication.
Seal water return
cooler flow, and
pressure indications.

¢. External leaks

Corrosion.
Fabrication defect.

Reduced seal water
and makeup pump
recirculation flow.
Prnmary coolant leak.

Makeup tank fevel
indication. CCW
surge tank level
mdwation. Local arca
radiation momiors.

Concenirated Bork
Acd Tanks

a. Fxternal ieaks

Corrosion.

Manufactunng defect.

Loss of concentrated
bonc aad solution.

Boric acid tank level
mndication.

Electnc Heaters

a. Fail o operate

Loss of power.

Stratsfication of bonc
acid. Loss of flow to
bore acid pumps.

RCS boron level
indication.
Concentrated bonic
acid tank
cencentration samples
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4%

Fabncauon defect.

flow. Pamary coolant
release.

Table 52 (Cont'd;
Component Failere Mode Failure Causes Failure Effects Failare Detection
Methods
i Letdown Cooler Heat | a. Plugged Tubes Corrosion product Reduced letdown Heat exchanger flow
Fxchanger bumldup Boron flow. and pressure drop
butldup. Foreign indications. Tutlet
maternial in RCS, temperature
mdication,
b. Tube leaks Corrosion. Reactor coolant inflow | CCW surge tank level
Fabnication defect. to CCW. Reduced mcrease. Makeup
letdown flow. tank level mdication.
c. External leaks Corrosion. Heduced letdown Makeup tank ievel

mdication. Local area
radiation momtors,

d. Insufficient heat
trapsfer

Scale busldup on tubes

High exit temperature

Temperature
indicators.
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Table 53 Combustion Engincering CVUS FMEA

— ==
Component Failare Mode Failure Causes Failure Effect Failure Detection Notes
Methods
Letdown Stop Valve a. Fauls Open Mechanical binding. Loss of redundancy. Valve position

Unable to termunate
fetdown flow.
Potental damage to
downstream system
components.

indication. Letdown
flow and temperature
mdication.

b. Faus Closed

Loss of awr supply or

power. Spurious
signal.

Loss of letdown flow.
Possible overcharging
of RCS.

Letdown flow
indication. Valve
positon indication.

Regenerative Heat
Exchanger

a. Plugged Tubes Corrosion buildup. Reduced ietdown I ctdown flow
Boron buildup. flow. mndication.
Foreign maternial in Regenerative heat
RCS. exchanger pressure
and flow indication.
b. Inadequate Heat Scale buiidup on Insufficient cooling of | Regenerative heat
Transfer tubes. letdown flow. Possible | exchanger temperature
component damage. ndication.
¢. Fxternal | cakage Seat leakage on vent I etdown flow Makeup flow
valve. Casing crack. reduction. Pnimary mdication.
coolant release mside Containment radiation
containment. monors.

d. Iaternal | cakage

Corrosion, Vibration
mduced wear.
Fabncation defect.

Possible contammment
baildup :n pnmary
coolant. Reduced
ability to alter boron
concentration.

Boron level samphng
mdications. Heat
exchanger flow
mdication.
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Table 53 (Cont'd)
_— —
Component Failure Mode Failure Causes Failure Effect Failure Detection Notes
Methods
Letdown Comtainment | 5. Fais Open Mechanical binding. Loss of redundancy. Valve position
Isolation Valve Possible mability to mdicaiion.
isolate letdown flow.
b. Fails Closed Loss of atr or power Loss of letdown flow. Letdown flow

supply. Mechamical Possible overchargmng mdication. Valve
degradation. Spunous | of RCS. posiion mdication.
signal.
[ etdown Containment | a. Regulates Low Valve operator failure. | Reduced letdown Low letdown flow and
Isolation Valve Mechanical failure. flow. pressure indication.
Spunous signal. Pressunzer level
mdication.
b. Regulates High Valve operator failure. | Increased letdown High flow and
Spunous signal. flow. pressure indication.
Pressunizer level
mdication.
¢. Fails Closed Loss of air or power f.oss of letdown flow. Letdown flow and
supply. Spunous Potential overcharging | pressure ndication.
signal and overpressurzation | Valve position
of RCS. mdication.
Letdown Conirol a. Fails Open Mechanical failure. Loss of redundancy. Valve position
Isolavon Valves mdication
b. Fails Closed Mechanical failure. Loss of redundancy. Valve position
mndication
Letdowu Line Relief a. Fails Closed Mechanical failure. Loss of overpressure {etdown pressure
Valves o It il protection for system. | indication.
b. Fails Open Setpomt drift. Letdown flow Volume control tank
Mechamical fadure. discharged to holdup fevel mndication.
tanks. {etdown flow and

pressure indications.
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Table 53 (Cont'd)

—
Component Faiture Mode Failure Causes Failure Effect Failure Detection
Methods
Letdown Heat a. fube leak Corrosion, Contammation of CCW surge tank level
Exchanger Manufactunng defect. | COW system with momtor. Makeup
primary coolant flow mdwcaton. CCW
radiation moniors.
b. Tubes Plugged Corrosson butldup. Reduced letdown Lewdown heat
Beron buildup. flow. exchanger flow and
Contammant buildup. pressure indication.
¢, Insafficient Heat Scaie buildup. High temperature Letdown heat
Fransfer Inadeguate CCW discharge, possible exchanger temperature
flow. damage 0 mdscations.
downstream
components.
d. External § cakage Corrosion, Pnmary coola“it leak Local area radiation
Manufactunag defect. | outside _: pnimary montiers. Letdown
Vent valve leakage. cop’.anment. and makeup flow
mdicators.
Letdown Back a. Fails 1o o} “rate Valve operator Possible flashing to ! etdown heat
Pressure Control properly m response Malfunction. steam m letdown heat | exchangzr pressure
Valve 10 system pressure. Mechanical binding. exchanger. Reduced and temperature
letdown flow, relief indications.

valve hfung.

Loss of awr or

L oss of letdown flow.

Letdown pressure and

electncal power. Possibie pressure flow indication. Valve
Spunous signal. increase, and rebef positon indication.
valve operation. Pressunizer level
mdication.
Boron Meterning a. False mdication of Electncal or No direct system Erroneocus high or low
System boron mdication. mechanical effect. boron concentration
malfunction. signal.
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Table 3 (Cont'd}

punificauon filter.

Compr aent Failare Mode Failure Caoses Failure Effect
“unfication Filter a. Faids Open Mechamcal binding. Unabie to solate Letdown flow
Isolation Valves purification filter. ndication

t. Fails Closed Mechamcal binding. Loss of flow through Filter differential

pressure ndication.

Punfication Filter

a. Does not filter

Filter element failure.

Particie buildup mn on
exchangers.

Differential pressure
mdication. Coelant

sampling.

Mechanical binding.

b. Blocked Particulate matter Reduced letdown Filter differential
buildup. flow. aressure and flow
adication.
fon Fxchanger Bypass | a Fails Open Valve cperator Unable to bypass ion {on exchanger flow
Valve maifunction. exchangers on high :ndication. Valve
Mechamcal binding. letdown temperature. position indication.
Possibie damage to
ion exchanger resin.
b. Fals Closed Loss of air or fon exchangers Vaive position
clectncal power. bypassed, fission mdication. fon
Valve operator product buldup exchanger flow
malfunction. prnimary coolant. wdicaton.
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Table 53 (Cont'd)
Component Failure Mode Failure Causes Failure Effect Failure Detection I Notes
Methods
Letdown Sirainer a. Fails Open Mechanical binding. Primary coolant Valve position
Isolaton Valve diverted to VOUT. mdication.

b. Fails Closed Mechamcal binding. Unable to estable b Valve posittion
letdown flow throo gh mdication. VOT level
1on exchangers to mdication.

VCT.
VCT Bypass Valve a. Fails Open Valve operator Unable to bypass VT level indication,
maifunction. letdown flow 1o boreu | Valve position
Mechancal farture management syseci. indication.
b. Fauls Closed Valve operator Uunplanned release of VCT level indication.
malfunction. Spunous | pnmary coolant o Valve posihon
signal. boron management mdication.
system. VCT level
decrease.
VCT Hydrogen and a. Fails Open Mechanwcal failure. No impact on system Vaive position
Nitrogen [solanon performance. mdication.
Val