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ABSTRACT

The High Pressure Coolant Injection (HPCI) system has been examined from a risk
perspective. A System Risk-Based Inspection Guide (8-RIG) has been developed as an aid to
HPCI system inspections at Hope Creek. Included in this S-RIG is a discussion of the role of
HPCI in mitigating accidents and a presentation of a PRA-based failure modes which could
prevent proper operation of the system.

The S-RIG uses industry operating experience. ;acluding plant-specific illustrative examples

to augment the basic PRA failure modes. It is designed to be used as a reference for both routine
inspections and the evaluation of the significance of component failures.
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SUMMARY

This System Risk-Bascd Inspection Guide has been developed as an aid to HPCI system
inspections at Hope Creek. The document presents a risk-based discussion of the role of HPCI in
accident mitigation and provides PRA-based HPCI failure modes (Sectinns 3 and 4). Most PRA
oriented inspection plans end here and require the inspector to rely on his experience and
knowledge of plant specific and BWR operating history.

However, the system RIG uses industry operating experience, including illustrative examples,
1o augment the basic PRA failure modes, The risk-based input and the operating experience have
been combined in Tab's 4-2 to develop a composite BWR HPCI failure ranking. This information
can be used to optimize NRC resources by allocating proactive inspection effort based on risk and
industty experience. In conjunction, the more important or unusual component faults are reflected
in the walkdown checklist in Section 5. This, along with an assessment of the operating experience
found in Section 6, provides potential areas of NRC oversight both for routine inspections and the
"post mortems” conducted after significant failures.

A compatison of Hope Creek and the industry-wvide BWR, HPCI failure distributions is
presented in Table 4-2.  Althcugh the plant specific data are limited, certain Hope Creek
components appear to exhibit a somewhat higher than expected contribution to total HPCI failures.
However, it should be noted that a large number of components have shown failures less than the
overall industry experience. These components are candidates for greater inspection activity and
the generic prioritization should be adjusted accordingly.

This generic ranking of HPCI failures has not been revised to reflect the presently available
Hope Creek LER data, because the plant specific distribution of HPCI failures is expected to
change with time.

As the plant matures, operational experience is assimilated by the utility's statf and reflected
in the plant procedures. For example, the incidence of inadvertent HPCI isolations due to
surveillance and calibration activities is expected to decrease. Conversely, in time, aging related
faults are expected to become a contributor to the Hope Creek HFCI failure distribution. The
operating experience section, identifies several aging related failures which occurred at Duane
Arnold, Hatch, Cooper and Brunswick, generally in the pump and turbine electronics,

This report includes all HPCI LERs up to mid-1989. Subsequent LERs can be correlated
with the PRA failure categories, used to update the plant specific HPCI failure contribution, and
compared with the more static HPCI BWR failure distribution. The industry operating experience
is developed from a variety of BWR plants and is expected to exhibit less fluctuation with time
than a single plant. This information can be trended to predict where additional inspection
oversight is warranted as the plant matures.

Recommendations are made throughout this document regarding the inspection activities for
the HPCI System at Hope Creek. Some are of a generic nature, but some relate to specific
maintenance, testing or operational activities at Hope Creck.
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S, HPCI SYSTEM WALKDOWN CHECKLIST BY RISK IMPORTANCE

Table 5.1 presents the HPCI system walkdown checklist for use by the inspector. This
information permits inspectors to focus their efforts on components important to system availability
and operability. Equipment locations and power sources are f. vided to assist in the review of this
system.



Table 5-1 Hope Creek HPCI System Walkdown Checklist

==
r DESCRIPTION

1D NO.

A. Components of High Risk Significance

Note: All circuit breakers should be closed (ON)

Turbine Steam Isolation Valve Fo HPCT Room ] 72251081
Inboard Steam Isolation Valve 02 DW 4310 52-232203
Blev. 102 108232
Outboard Steam Isolation Valve Fo3 HPCT Pipe Chase $2-212053
100212
Pump Irbosrd Discharge Valve FO06 Pile Chase 72-251051
10D151 (091)
. B. Components of Medium Risk Significance
CST Suction Isolation Valve FO04 HPCI Room 72-251-92
Pumip Outboard Discharge Valve o7 . . 72251071
Pump Mimmum Fow Vahe Fo12 Torus 72-251112
Pump Suction From Suppression Pool 042 T 72-251131
Fuli Flow Test Valve to CST F08 Cug:a ;‘1 12 72251110
| V.










Table 6:2 HPCI Pump Turbine Fuils to Start or Run - HPCI Failure No. | Subcategories
Identified During the Indusiry Survey

Subcategory Description

LER Failures

Turbine speed control faults, including

EG-M control box
Motor speed changer

(EG-R actuator remote servo)
Resistor box
Ramp generator/signal converter box
Magnetic speed pickup cable
Speed control potemtiometer

w o

— . — D

Lube oil supply faults

Turbine overspeed and auto reset problems
Inverter trips or failures

Turbine stop valve failures

Turbine exhaust rupture disk farlures

Flow controller fatlures

Turbine control valve faults

Loss of lube oil cooling

Miscelluneous: Valid high steam flow during testing

| TOTAL

16

—
—

= rummmmua-.l:n
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6.1.2 Lube Oil Supply Faults

This subcategory consists of eleven failures 10 provide sufficient lubricating oil 10 various
turbine components. As presented in Table A-1, most of the faults are related to the awxiliary oil
pump and include two bearing failures and five auxiliary oil pump pressure switch faults. Three

other events involving low bearing oil pressure events were attributed 10 valve mispositions and oil
contamination.

Hope Creek experienced two lube oil supply faults:

1. LER 90-009 reported a design deficiency that did not provide a low point draw off line
that allowed oil contamination due to water and sludge accumulation.

2. LER E8.010 described an event where two mispositioned oil control valves that prevented
the system from delivering rated flow in the time required by the Technical Specifications,

6.1.3 Turbine Over-speed and Auto Reset Problems

The mechavical overspeed trip function is set at 128 percent of the rated turbine speed. The
displacement of the emergeney governor weight lifts a ball tappet which displaces a piston that
allows oil 1o be dumped through a port from the oil operated turbine stop valve, This allows the
spring force acting on the piston inside the stop valve ofl eylinder to close the stop valve, The
overspeed hydraulic device is capable of automatic reset after a preset time delay,

Overspeed and auto resot problems contributed eight failures 1o the turbine driven pump
failure category, Two events were attributed to failure of the electrical termination to the reset
salenoid valves, Two failures were caused by the swelling of the polyurcthane tappet in the
overspecd trip device tapped assembly head. An additional failure ocourred at Dresden 2 in 1987
due 1o a loose hydraulic control system pressure switch coniactor arm.  Additional sources of
information on turbine overspeed trips are Information Notice 86-14%, 86-14 Supplements 1 and 2°,
and AEOD case Study Report Co(2",

Hope Creek has not had any reportable occurrences in this area.

#.1.4 HPCI Inverter Trips or Failures

The HPCI Inverter is powered from a 125V DC bus and ultimately powers the turbine speed
control cireuit,  There have been seven inverter problems. Three were attributed 10 internal
clectronics faults, and one overheating event due to an integral cooling fan failure, These Licensee
Event Reports did not consider the aging of the electronics as a potential root cause. NRC
research has concluded that inverter performance is related to ambient temperature and has
developed specific inspection and testing recommendations to monitor inverter performance and
dotect incipient failures."" Two additional problems involved short term unavailability of the
inverter. One was & blown fuse; the other was an inverter trip because the high voltage trip
setpoint drifted low. At the time, the battery charger, supplying power to the inverter, was
Operating in the equalize mode; the input voltage to the inverter was 144V DC,

Hope Creek does not have an inverter in the HPCI system.
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6.1.9 Loss of Lube Oil Cooling

The loss of lube oil cooling can be caused by faults in the cooling water lines 10 and from the
cooler, coaler leakage, or flow blockage. A prolonged loss of lube oil cooling can fead to turbine
bearing failure. The lube oil temperature is monitored by a temperature indicating s.i'ch with
control room annunciation.  This category has itwo failures, both involving the diaphragm of
pressure contral vive.  Neither of these failures occurred at Hope Creek.

6.1.10 Miscellaneous- Valid High Steam Flow During Testing

Another potential system failute involves the practice of running the auxiliary oil pump to
lubricate the turbine bearings or to clear a system ground. Monticello used this practice to attempt
to clear a ground in the electro-hydraulic governar, When the fault did not clear, a system test was
initiated to confirm HPCI operatility. When the operator opened the turbine steam admission
valve to simulate a cold quick start, the system isolated on high steam flow. The operation of the
auxiliary oil pump caused the hydraulically operated turbine stop valve to move from its full closed
to its full open position. When the stop valve leaves the fully ciosed position it initiates 4 ramp
generator that provides a flow signal to the turbine steam admission valve, allowing it to move to
the open position.  Since the auxiliary oil pump had been running for some time the ramp
generator had timed out and a maximum steam flow demand signal was sent 1o the control valve,
This prevented the turbine steam admission valve from restricting steam flow as it normally would
during o turbine start, resulting in high steam flow and a system isolation,

Plant procedures address running the auxiliary pump periodically to keep the turbine bearings
lubricated. When the auxiliary oil pump is running, the high pressure coolant injection system will
isolate if an automatic initiation signal is received at any time after the ramp generator has timed
out, which occurs after approximately § - 15 seconds. The plant has taken the following corrective
actions to address the problem:

* A modification has been approved that will eliminate ramp generator initiation while the
auxiliary oil pump is running unless a valid initiation signal occurs.

*  The high pressure coolant injection system operating procedures have been revised to
clude cautions addressing system inoperability when the auxilinry oil pump is running.

¢ The operating procedures that verity system operability have been revised to include
precautions about system status before and during the test. The control system ramp
generator function during the opening of the steam admission valve is deseribed in these
procedures,

In summary, this is a significant concern because a common plant practice has the potential to

disable the HPCI system. Hope Creck operating procedures should be reviewed to ensure that the
appropriate cautions are provided to the operator concerning disabling the HPCH system,

6-6
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The HPCI system is constantly monitored for leakage by sensing steam flow rate, steam
[ressure, arca temperatures adjacent to HPCI steam lines and equipment, and high HPCI turbine
exhaust pressure.

The steam flow rate is monitored by two differential pressure switches located across two
different elbows in the steam piping inside the primary containment. The flow messurement is
derived by measuring differential pressure across the inside and outside radius of each elbow. If a
‘eak is detected, the system isolates the HPCI steam line and actuates a control room annunciator.
At Hope Creek, this flow measurement is done using a venturi measuring device,

This failure category has 10 LERs which constitute 6% of the total HPCI failures. There are
no Hope Creek LERs in this category; however, there is one potential problem area with
surveillance testing of these instruments. On July 1, 1990, a broken terminal lug was found during
4 su.veillance test of the high steam flow auto isolation logic that made one train of the steam
supply isolation logic inoperable, Consideration should be given to the use of test jacks on
terminals accessed frequently for surveillance.

Additional information can be found in Information Notice 82-16",

6.4 HPCI Failute No. 4 - Turbine Stcam Inlet Valve Fuils 1o Open

This motor operated valve is o normally closed, DC powered gate valve. This valve opens on
automatic or manual initiation signal, provided the turbine exhaust valve is open, to admit reactor
steam up to the turbine stop valve.

There have been 8 failures of this valve to open on demand comprising 5% of all HPCI
failures, including:

two cases of mechanical/thermal binding at Brunswick |
* one stuck valve at Cooper attributed to the restelliting of the disk
* one valve motor faillure at Fitzpatrick due to insufficient stem lubrication.

Other failures were attributed to loose thrque switch adjustment serews, potentiaily insufficient
upening torque concerns, and sticking MCC relays.

Hope Creek did not have any reportable failures of the turbine steam inlet valve to open,
6.5 HPCI Failure No. § - Pump Discharge Valve Fails to Open

The pump discharge motor operated valve is a normally closed DC powered gate valve that is
automatically opened upon system initiation.  The failure of this valve to open disables HPCI
injection into the reactor vessel.

There have been 8 pump discharge failures documented in the operating experience review.
This failure mode accounts for 5% of all system failures.
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6.8 HPC] Failure No. 8 - False Arca Temperature Isolation tignal |

The HPCI system is constantly monitored for leakage by sensing steam flow rate, steam
pressure, and area temperatures adjacent to the steam line and equipment. If a leak is detected, |
the system is automatically isolated and alarmed in the control room.  The Hope Creek ambient |
temperature monitoring system includes: |

* Equipment room ventilating air inlet and outlet high differential temperature. .
¢ Emergency air cooler inlet high temperature.

| *  HPCI torus compartment high temperature,
*  Pipe routing area high temperature.

HPCI isolation will occur when any of the temperature switches trip. This category accounted
tor three HPCI failures (2% of all failure) in the industry survey. In addition, Hope Creck
reported the following failures:

1. LER B87-007 reported a steam line isolation that occurred during normal operation and
was attributed to design error. The temperatare differential setpoint approximated that
of normal operation and was subsequently increased.

2. A ventilation system design error that caused isolation of an ontboard steam supply valve
during normal operation was reported in LER 87-007. The minimum intake temperature
setpoint was too low and caused a high differential temperature between the HPCI area
intake and exhaust; as a result, the steam leak detection logic was actuated.

3. A failure in Riley temperature module in the stcam leak detection system caused the
spurious actuation of the HPCI high room temperature actuation and the isolation of the
inboard steam supply valve. This event is reported in LER 87.027,

4. LER 90-002 reported the closure of an outboard steam supply isolation valve based on a
high room differential temperature signal. This signal was initiated due to an excessive
temperature differential between ventilation supply and the HPCl room exhaust
temperature. An inoperative temperature control loop was the cause of this event.

69 HPCI Failure No. 9 - False Low Suction Pressure Trips

| The purpose of the low pump suction pressure trip is to prevent damage to the HPCI pumps
due to loss of suction. A pressure switch actuates to cause the turbine stop valve to close.

There have been two turbine trips attributed to false low suction pressure signals. One
occurred at Cooper oecause the low suction pressure switch isolation valve was inadvertently
closed, and the second instance occurred at Brunswick 2, when HPCI isolated immediately after an

initiation signa. Hope Creek had not had any HPCI (or RCIC) system isolations due to false low
suction pressure trips.
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4. Failure to provide makeup to the CST during an ATWS event.

5. Failure to transfer pump suction from the suppression pool to the CST during an event
with a high suppression pool temperature.  There are two cases when this must be
performed, one during an ATWS event and one during a non-ATWS event with the
failure of suppression pool cooling.

6. Failure 10 override the HPCI high-temperature isolation logic (for station blackout
SCQuUEnces).

7. Operator recovery from initial failure of HPCL

K. Miscalibration of HPCI sensor(s) disables system actuation, high RPV level isolation or
results in false isolation signals.

9. Failure to reset the HPCI system for operation after testing or maintenance.

With the exception of the last two entries, these human errors are cither: a) conditional, that
is, they most be considered within the context of an HPCI failure or isolation (errors 1, 2 and 3),
o1 b) event specific (items 4 through 7). These requirements make direct observation unlikely. The
potential for these human errors can be evaluate, indirectly by a review of the licensee procedures
and observation of operator performance at a sizulator,

The last two human errors can occur during normal operation and are, therefore, more
inspectable.  Resident Inspectors routinely examine surveillance, calibration, and maintenance
practices and procedures, and perform ECCS control room and plant lineup verifications, HPCI
operability is confirmed by checking the steam supply and exhaust lineup, pump suction and
discharge lineups and the control function settings (hand/auto station in automatic).

There is a second source of human error that is not readily discernible in most risk
assessments because it 1s not considered as a separate failure. 1t is the human contribution to
component unavailability. The component failure estimates are developed from plant specific
experience, if enough data exists, or from other, more generic, data sources. In ecither case, the
unavailability estimate of a standby component is based on the number of failures per total
demands. This estimate inherently includes all failures caused by human error. Based on the
operating experience review, it is estimated that more than 50% of the HPCI failures have a

human error contribution.

As previously indicated, the examination of licensee practices and procedures, as well as the
application of industry experience, can help reduce that portion of the HPCI unavailability that is
dug to human crror. In the reactive mode, a thorough root cause analysis and suitable corrective
measures van prevent similar occurrences in t': future,

6.16 Support Systems Required for HPCL Operation

The high pressure coolant injection system is dependent on other systems (called support
systems) for successful operation. These systems are:

613




DC Power For system control (128 V DC), valve movement (250 V DC); and auxiliary oil
pump (250 V DC).

HPCI Actuation RPV level and primary containment pressure instrumentation for system
initiation and shutdown,

Room Cooling  For HPCI pump room cooling to support long term operations. This function
requires service water (for cooling) and AC power for the fan motor,

During the HPCI Operational Experience Review the support system influence on HPCI
availability was apparent. The loss or degradation of the DC battery or bus that powers HPCI has
o straightforward effect. Besides the battery charger problems or fuse openings, the more unusual
DC system problems included a battery degradation due to corrosion of the plates. The suspected
cause was a galvanic reaction due to plate weld metal impurities.  Another concern is insufficient
voltage at the load during transients which courd trip the station inverters or fail MOVs (Browns
Ferry 1, Brunswick 1 & 2 and Nine Mile Point 1). This would be of particular concern during a
loss of offsite power or a station Llackout event.

The effect of the loss of room cooling on continued HPCL operation is not as clear. The
system is typically required to cupport long term HPCI operation.  Besides the random failures
which can occur at any time, there is one sequence specific effect that should be examined. During
station blackout, the room cooling is lost when continued HPCI operation is critical. The licensee
actions to preserve HPCI operation should be examined. For example, some plants will open
pump room doors to promote convective cooling, but that does not necessarily assure continued
HPCL operation. The licensee should have pump room and steam line temperature caleulations
or have other proceduralized provisions (bypass high temperature isolation) to assure long term
HPCI operability.

The RPV level or high drywell pressure instrumentation is required for multiple ECCS systems
including HPCL. The operating experience review did not have any pertinent examples of failures
of the ECCS actuation Jogic which directly atfected HPCL

At Hope Creck. HPCI roor cooling is independent of AC power during station blackout
conditions and requires both the service water system and SACS,

In summary, support system problems can impact HPCI operation scrmetimes in a less than
straightforward manner. In the context of specific accident sequences, these suppart systems may
be more prone to failure. The inspector should verify licensee awareness of these interaction
relations and confirm that compensating measures are adequate,

6.17 Simultancous Uﬂﬂ!ﬁimhﬂm of Multiple Systems

Multiple system unavailability is of concern because of the increased risk associated with
continued operation, Although technical specifications tend to limit the risk exposure somewhat,
the licensee should avoid planned multiple system outages, if possible.
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Within the context of the accident sequences discussed previously (Section 3), certain
combinations of system unavailability result in & much grecter risk of core damage. For example,
the HPCI operating experience review had nine LERs that documented simultaneous HPCT and
RCIC unavailability. During this period, the probability of core damage is greatly increased for
accident sequences that require HPCI and RCIC for mitigation. This would include all the
sequences described in the Accident Sequence Description except "Unisolated LOCA Outsiue
Containment.” The unavailability of HPCI and an emergency diesel generator would have similar
impact on plant risk. Additionally, the simultancous unavailability of HPCI and ADS (one LER,
due to logic testing) somewhat impacts Sequence 1, “Loss of High Pressure Injection and Failure
to Depressurize.”

Although some of these LER examples of multiple system unavailability were due to random
failures, the majority involve licensee decisions to disable a system for surveillance when anothu
critical system is not operable. Unless absolutely necessary, these configurations should be avoided,
as frequent entry into Technical Specification greatly increases the risk of core damage

6.18 LOCA Outside Containment

Unlike the HPCI failures described earlier which deseribe the unavailability of the system for
core damage mitigation, four events have occurred where HPCI is @ potential initiator of a LOCA
outside containment. These LERs consist of degradations of the steam line isolation function and
pump suction line overpressurizations. The two steam line isolation problems both occurred at
Dresden 2. One was 4 steam line differential pressure transmitter with 4 non conservative setting.
The other was a failure of the inboard containment isolation valve to close.

The remaining two incidents wetv inadvertent pressurizations of the HPCl ow prossure piping.
A pump suction overpressusization occurred at Fermi (LER 87 030) during a system test. A
pressure surge of ~ 800 psig occurred in the HPCI pump suction piping after a turbine trip. The
event was attributed to the slow closure of pump discharge lift check valve. The licensee replaced
the valve with a swing check, which is expected to close faster.

Dresden 2 (on October 31, 1989) declared HPCI inoperable due to elevated piping
temperatures in the pump discharge line. The 260°F temperature was caused by feedwater back
leakage througl, the closed injection valves. Discharge piping supports were damaged, attributable
to waterhammer caused by steam void collapse upon system initiation. In addition to the potential
for piping damage, steam binding of the pumps is also a consideration. Information Notice 89-36"
provides additional information on elevated ECCS piping temperature.

In general, the HPCI LOCA outside containment initiator is a very small contributor to total
core damage. The diverse steam line break detection logic and the downstream feedwater check
valve reduce the potential for an unisolated LOCA outside containment. The examples presented
above are potential areas of inspection to assure that plant design or operation does not increase
the potential for this initiator.
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Tabie A-1 HPCI Pump or Turlwne Fails to Start - Industry Survey Resuits

Correcuve Measures

Comavents

EGM onatrol box

maifanctos Two mewiar tadures atteibaicd to agae EGM pruited crowt boards will b Each of these FGM comirol bos
effects due 10 fong term energzaten and repiaced a1 eght year meervals fariwres vocureed a8 older phants
posiibly cievated ambent lemperatures Addvional WHPCT pemp room oobng | and appear 10 be ageng relaied
An ELGM pristed arcuit hoard failed added
cansed 2 false high sicam flow signal  The
second fatlere mvolved the clectromes m
FGM comirol Lex hiad 2 groved Two printed corcent boards replaced.
¥ imcaibration of nell woltage settmes. Recalibratina of voltage scttvae
Faled rransstor w the EGM comrol bos. Bon repiaced Sarvesfiance
mmw”‘ﬂﬁ
proper fumnonmg of the outpet
speed circon.
Motor speed HPCT failed suto mmistion survedtance Error was not detected dunng 2
changerBG-R becsuse the clectrcal conmections between | previous iest at 160 peig Peocedures

goversor comtrol and governor valve
clearchydrauiic servo were o error

revised 1o functionally o5t the
governor conirol system durmg the
iow pressere serverliance testng.

Capacitor (adlure s motor gear uan. Replaced capacytor Fasiure may hove been Gaused by
excessve HPCY revon
temperatere.

Improper gapmg and foregn scoumulstion | Compomeni replaced or serviced

of Coniscs.

EG-R actuator grounded at pan coanection | Corrosion products resvoved.

due 10 the accumuistos of corrosion
products. There were three ooourrences of
this event thal hove been stiributed 10 2
deugn change m ihe actuator pwn
conmectyns.

LR e e






Table A-1 PPCI Pump or Turbine Fails to Start - Industry Survey Resuits

I‘F—_

Conrectns Measures

S

B
\
.
’

Loose clectnical termanaticon on solenosd
valve conl desalvied the remote reset
funchon Fashure anributed 1o normad

Wiring o the solenosds will be
restramed 16 reduce stram on the

-—./Jr“

The corrective actson for 3
somwinr carher event apparenth
dind mov address the root cause of
the fasigre

Owerspeed irip devior tappet assemsbly

Tappe: remochmed

Semslar occurrence at another

head was bnding m vaive body réaet
Polvurcthane (appet. previoush machmed _.
per GE gudance, had experienced ;
addmonal prowth A
Loose hypdravie control svsiem pressore Repawed contactor arm Nome

switch contactor arm

Frratac stop valve operation Blocked dram
port in overcpeed trip and asto reset
pston assembly cause.. inp mechamsm o
cycie between tnipped and norma

1 possions.

Drain port cleared.

Notice 55-12 and 8614, Sepp 1

Inverter tnpped and could wt be reset Replaced wverter

due 10 a fmded drode See Ref 14 for effects of mvenier
agng and preventative measures.

Inverier failed due 1o the failure of 2n Replaced mverter A similar event mvolving 2

internal capactor. ruptured capactor oocwrred 2t
another plant

Inverter overheating duc ‘o a faled Repasred or repiaced coobng fan.

tegral cooling fan.

faverter fxdure due 1o biown fuse







Table A-1 HPCI Pump or Turbine Fails to Start - Industry Survey Resuits
M

Roet Cawse

Fxhaust diaphragm raptured by water
to a Macked drasn line

carryower from exhaust hue dran pot dige

FLOW
C

FARURES

Fadure 1o control m
avtomaic

Defective amplifier card and solder jomt
attributed o aging

Repaurs performed

amplifier cawcantry due 10 normal heat of
aperaton

Droppng resistor failed in the mstrument

Reswiors R26, K74 and zoner dinde
C2a 3 appeared 1o be affecied by
ambeen! lemperatures and were

replaced

Interamttent operation of mic nal swatch
comacts did not allow the controlfier 10
read the flow sefpomt m auto.

The slght oudwed contacss were
cicancd and ivhoicwied In the lomg
ierm, permanent wmpers will be
mstalled 1o bypass the switches

Gear tram [alure

comtrofier sethng.

Loose fastener caused intermediate gear 10
unmesh which preveated adisiment of the

Procedures will be revmed 10 requre
2 periodic check of the gear tram
and fasteners.

Miscatibration

Flow contralier mndheated 2 flow of 400

attributed 10 miscabbraton

2pm when sysiem oot m operation. Failure

Comrolier recabbrated
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Table A-2 Summary of [llustrative Fxamples of Additional HPCI Failure Modes

Setpowet drift cause spurious system
ket

Setpoint draft caused by mowsture airusion | Usknown Barton transsmtter
through the dial rod shaft seal

HPCI Fadure 4 - Mechamicalthermal binding of disk due 1o | Intenm correctve action was deilfing | Thes faslure was attribuied o
Turbme Stcam Inle? madequaie clearances a hoke = the valve dsk.  Double provedural and trammng

Fallures No. 7 and 6 are dscussed m Section 6 of the 1ext
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