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ABSTRACT

A rteview of the operating experience for the High Pressure Coolant Injection (HPCT)
system at the Pilgrim Nuclear Power Station is described in this report. The information for this
review was obtained from Pilgrim Licensee Event Reports (LERs) that were generated between
1980 and 1989. These LERs have been categorized into 23 ilure modes that have been prioritized
based on probabilistic risk “ssessment considerations. In addition, the results of the Pilgrim
operating experience review have been compared with the resalts of a similar, industry wide
aperating experience review. This comparison provides an indication of areas in the Pilgrim HPCI
system that should be given increased attention in the prioritization of inspection resources.
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1. The plant actions to monitor and control the temperature in the HPCI room should
be reviewed, and the etfect of the loss of room cooling on continued HPCI operation :
should be evaluated. :

fo

Within the context of the vie of HPCI in an ATWS event, the capability of the
licensee to perform the necessary bypasses of the system logic should be evaluated
periodically.

3. The turbine exhaust rupture disks should be instalied with a structural backing to
prevent eyclic fatigue failures,

4. The inspector should confirm that the licensee acknowledges the complexity of the
turbine speed contral by having a trained staff to test and repair it.

5. Licensee response to NRC Bulletin 88-04 should be reviewad to determine if the
design of the minimum flow bypass line is adeguate.

k
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K} ACCIDENT SEQUENCE DISCUSSION

The role of the HPCI system in the prevention of reactor core damage is valuable
information that can be applied in the normal day-to-day inspection activities. 1f a plant has its
own Prubabilistic Risk Assessment (PRA), this information is usually available. However, not all
plants have PRAs. Thus, eight representative BWR accident sequences based on a review of the
available PRAs have been developed based on design and operational similarities that can be
applied to other BWRs for risk based inspections'. These gight representative sequence accovnt
for an average of 87% of the core damage frequency for seven BWR plants.  Since the HPCI
contributes to five of the eight representative sequences, this information can be uscd to allocate
inspection resources commensurate with risk importance and allow the inspector to focus on the
important systems/components.

3.1

This sequence is initiated by a general transient (such as MSIV closure, loss of feedwater,
or los: of DC power), a loss of offsite powdei, or a small break LOCA. The reactor successfully
scrams. The power conversion system, including the main condensr, is unavailable either as a
direct result of the initiator ot due to subsequent MSIV closure.  The high pressure injection
systems (HPCI/RCIC) fail to inject into the vessel. The major sources of HPCI/RCIC
unavailability include one system disabled due to test or maintenance and system failures such as
turbine/pump faults, pump discharge valve or steam turbine inlet valve failure to open. The CRD
Fvdraulic system can also be used as a source of high pressure injection (HPI), but the failure of

¢ second CRD pump or unsuccessful flow control station valving prevents sufficient reactor
pressure vessel (RPV) injection. The operator attempts to manually depressurize the RPV, but a
common cause failuie of the satety reliet valves (SRVs) deteats both manual and automatic
depressurization of the reactor vessel. The failure to depressurize the vessel atter HPI failure
results in core damage due to a lack of vessel makeup.

aliure of High Pressure Injection

This sequence is initiated by a loss of offsite power (LOOP). The emergency diesel
generators (EDGs) are unavailable, primarily due to hardware faults. Maintenance unavailability
is a secondary contributor.  Support system malfunctions inclu? EDG room or battery/switchpear
room HVAC failures, service water pump, or EDG jacket co - ) hardware failures. HPCI and
RCIC are inittally available and provide vessel makeup.

The high pressure injection systems can provide makcup until:

. the station batteries are depleted, or

. the system fails due to environmental conditions, i.¢., high lube oil temperatures or
high turhine exhaust pressure due to the high suppression pool temperature and

pressure, or

* the RPV is depressurized and can no longer support HPC! or RCIC operation.

o
y
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. the HPCI high arca temperature logic isolates the system or fong term exposure to
high temperatures disables the turbine driven pump.

Plant procedures should address means to maintain DC power for as long as pc ssible to
assure a continued source of water to the HPCl or RCIC. These procedures should also provide
contingeney measures (such as supplying tire water via RHR system) if the SBO progresses until
reactor pressure (decay heat) can no longer support HPCl or RCIC. The plant procedures should
also be consistent with the BWR Owner's Group Emergency Provedure Guidelines.

Jhe reactor building environmental conditions can also impact loi g term HPCI system
operation. The reactor building HVAC and HPCI room cooling are dependent on AC power.
There is the possibility of spurious activation of the steam line break detection logic, and although
the high arca temperature isolation logic may be inactive during SBO onditions, there are
potential environmental qualification concerns at elevated temperatures.  The plant actions to
monitor and control high arca temperature, during an SBO, should be reviewed including any
caleulations necessary to establish a time frame tor the implementation of these actions,

Failure of High Pressure {njection

This SBO sequence is similar to the previous sequence except tie high pressure injection
systems tail carly.  The sources of emergency AC power, ie., the wmergency diesel generators
(EDGs) fail primarily due to hardware failures.  Secondary contributors are:  output breaker
tailures and EDG unavailability due to test or maintenance waizities.  Support system
madunctions, such as service water failures in the EDG  cket cooling water train,
battery/switchgear room HVAC fuilures, or test and maintenance wnavadability are significant
contributors to the loss of emergency on-site AC power.

i3

Station battery failures (ineluding common mode) are an fmpoituat contributor to this
sequence, because HPT systems and he EDGs are DC power dependent. In the SBO sequence,
HPCI unaveilability is dominated by turbine/pump failures and maistenance unavailability. Core
damage oceurs shortly atter the failure of all injection systems.

34 ATWS with Failure of RPV Water Level Control at High Pressate

This sequence is initiated by an anticipated transient with initial or subsequent MSIV
closure and a failure of the reactor protection system to scram. Attempts to manually scram are
not successful; however the Standby Liquid Control System (SLCS) is initiated. The condenser and
the feedwater system are unavailablz. The BWR Owner's Group Emergency Procedure Guidelines
(EPGs) recommend RPV water leve seductions for control of reactor nower below 5% and the
BWR representative sequence was based on that philosophy.

This sequence postulates a failure to ensure sufficient RPV makeup at high pressure to pre-
vent core damage. There are two failure modes:

L
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1. The operator fails to control water level at high RPY pressuie. This results in high
core power levels, continuous SRV discharges and suppression poc! heatup After
the suppression pool reaches saturation, containment pressurization begins. High
pressure injection fails due to high suppression pool temperature prior 1o
containment farlure,

. The high pressure injection (HPCI) system fails, primarily due to pump failure to
start of testing and maintenance (T&M) unavailability. Injection or inflow valves,
suction switchover, or loss of DC power are other potential system failures. HPCI
pump failure to start or run, pump unavailability due to testing and maintenance
activitics, and Service Water EDG jacket cooler inlet or return valve failures are the
major system failures.

The inability to maintain RPV water level above the top of the active fuel (TAF) requir .
manual emergency depressurization that 1s expected to result in core damage before the low pres-
sure ECCS can inject.

The continued operability of HPCI during an ATWS event is critical. Within the context
of this accident sequence, (i.c., time available for success) the licensce capability to perform the
logic bypasses should be evaluated periodically.  With regard to HPCI system availability, the
remaining sections will discuss system failures and availability evaluation.

3.5 Unisolated LOCA Outside Containment

The initiator is a large pressure boundary failure outside containment with a failure to
isolate the rupture. (This sequence is also termed interfacing systems LOCA.) The piping failure
is postulated in the following systems: main steam (509%), feedwater (10%), high pressure injection
(33%), and interfacing LOCA (79%). The percentages indicate the estimated relative core damage
contribution of cach system',

An interfacing LOCA initiator is defined as the initial pressurization of a low pressure line
which resuits in a pressure boundary failure, compounded by the failure to isolate the failed line.
The failure is typically postulated in a low pressure portion of the core spray (CS) system, the
LPCI, shutdown cooling and (to a lesser extent), the HPCI ar RCIC pump suction.

The unisolated LOCA outside containment results in a rapid loss of the reactor coolant
system (RCS) inventory, eliminating the suppression pool as a long term souree of RPV injection,
These piping failures in the reactor building can also result in uafavorable environmental
conditions for the ECCS. Unless the unaffected ECCS systems or the condensate system are
available, long term RPV injection i: suspect and core damage is likely.

There have been several HPCI pump suction overpressurization events, primarily during
surveillance testing o« the normally closed pump discharge motor-operated valve MO-2301-8
This is of particular concern for the discharge configuration with a testable air-aperated check
valve in addition to the normally closed MOV because of the valve's history of back leakage. The
Pilgrim Station, however, does not use an air-operated check valve in their HPCI system.
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The HPCI interfacing LOCA initiator seems to be less of a problem with the configuration
of a normally closed MO-2301-8, primarily because another normally open MO-2301-9 is closed
prior to the MO-2301-8 surveillance. However, the concerns of the previous configuration are also
valid here. There must be reasonable assurance that the normally closed MO-2301-8 valve is leak
tight during plant operation and, prior to stroke testing, confirmation is necessary to assure MO-
2301-9 is fully closed and will provide the necessary protection for the upstream piping.

36 Overall Assessment of HPCI Importance in the Preveation of Core Damage

As previously stuted, the high pressure injection function (HPCI/RCIC/CRD) contributes
to five of the eight representative BWK accident sequences. The system failures for all eight BWR
sequences were prioritized by their contribution to core damage (using a normalized Fussell-Vesely
importance measure). The HP! function in agp egate was in the high importance category. Other
high risk impostant <ystems are Emergency AC Powor and the Reactor Protection System. The
HPCIL system itself is of medium risk importance, because of the multiple systems (e.g., RCIC and
CRD) that can successfully provide vessei makeup at high pressure. For comparison, other systems
with a medium risk importance are: Standby Liquid Control, Automatic/Manual Depressuri- ation,
Service Water, and DC Power.
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4. PRA-BASED HPCI FAILURE MODES

PRA models are often used for inspection purposes to prioritize systems, components and
human actions from a risk perspective. This enables the inspection effort to be apportioned based
on a core damage prevention measure called risk importance.  The HPCI failure modes for this
system Risk-Based Inspection Guide (System RIG) were developed from a review of BWR plant
specific RIGs**, and the PRA-Based Team Inspection Methodology' . The component failure
maodes are presented in Table 4.1, grouped by risk significance. There are fous fatlure modes of
high risk importance, four of medium risk impor.ai.2¢ and 15 of lower risk importance for a total
of 23 failure modes. The Fussuid-Vesely Importance Measure has been used to determine these
rankings. This importance measure combaes the risk significance of a failure mode or
unavailability with the likelihood that the failure mode/ unavailability will oecur.

PRAs are less helpful in the determination of specific failure modes or root causes and do
not generally provide detailed inspection guidance. This makes it necessary for an inspoctor to
draw on his expericnee, plant oper ‘ng history, Licensee Event Reports (LERs), NRC Bulletins,
Informaticn Notices and Genene Letters, INPO documents, vendor information and similar
sources to conduct an inspection of the PRA-prior.ized items.  Information usetul for
prioritization of inspection resources has been obtaaed by performing an operating experience
review industry experience related to PRA derived failure modes for the HPCI system. Licensee
Event Reports (LERs) generated between 1985 and mid-1989 were surveyed tor HPCI related
filures and approximately 200 were identified. Sixty-two LERs did not have 2 PRA-based failure
mode; these LERs generally documented system challenges, administrauve deviations, and
seismic/equipment qualification concerns. The remaining 140 LERs documented 159 HPCI faults
or degradations. As presented in Table 4:2, these failure modes have been categorized by PRA
failure mode tu provide a relative indication of the contribution to all HPCI faults.

The failure rankings shown in Table 4-2 were estimated based vn PRA-based ri’s
importances, operational input, and current accident managemen philosophy, The failure mode
identified as HPCI pump or turvne fails to start or run was ranked as "high risk importance”
(Table 4-1) and also accounted for the largest number of LERs related to the HPCI system
identified in the industry survey. Thus, as shown in Table 4-2, this failure mode was analyzed in
greater detail to identity the various causes listed in Table 4.2, A summary of the significant
causes of this failure mode are provided in Appendix A-1. In addition, selected examples of all
other PRA-based HPCI failure modes are provided in Appendix A-2.

A more extensive LER analysis has been completed for we Pilgrim Plant. For Pilgrim, all
LERs documeated between 1980 and 1989 were reviewed 0 identity failures applicable to HPCI
The results of this review, tabulated in Table 4-2, indicate that several failure modes show a higher
percentage of occurrence than the industry survey results. These tulure modes are.

e HAPCI Pump cr Turbine Fails to Start or Run duc tor
turhine speed control fauits

turbine stop valve failure
turbing coatrol valve faults

'-‘J'J_-‘-



* Turbine Steam Inlet Valve Fails to Open
¢ Containment Isolation Valve Fails Closed

The entire survey of Pilgrim operating experience is discussed in Section 6

Table 4-1 HPCl PRA-ased Failure Summary

High Risk Importance

Pump or Tur "ae¢ Fails to Start or Run’

System Unavailable Due to Test or Maintenance Activities'
Turbine Steam Inlet Valve MO-2301-3 (F001) Fails to Open’
Pump Discharge Valve MO-2301-8 (FO06) Fails to Open’

Medium Fisk Importance

CST/Suppression Pool Switchover Logic Fails'

Suppression Pool Suction Valves M0O-2301-36 (FO42) or MO-2301-35 Fail to Open'

Normally Open Pump Discharge Valve MO-2301.9 (F007) Fails Closed or is Plugged

Mininium Flow Valve MO-2301-14 (FO12) Fails to Open, Given Delayed Activation of
Pump Discharge Valve, MC-2301-8 (F006)."

Lower Risk lmportance

CST Suction Line Check Valve (FO19) Fails to Open

CST Suction Line Manual Valve 2301-22 (F010) Plugged

Normally Open CST Pump Suction Valve MO-2301-6 (FOO4)
Fails Closed or is Plugged

Pump Discharge Check Valve 2301-7 (FO0S) Fails to Open (Now Back) or Fails to
Close (Interfacing LOCA)

Suppression Pool Suction Line Check Valve 2301-39 (F045) Fails to Open

Normally Open Steam Line Containment Isolation Valve MO-2301-4 or -2301-5 (FOO2 or
FOO3) Fail Closed

Steam Line Drain Pot Malfunctions

Turbine Exhaust Line Faults, including:
* Normally Open Tarbine Exhaust Valve 2301-74 (FO66) is Plugged’
* Turbine Exhaust Check Valve (FU49) Fails 1o Open

Turbine Exhaust Line Vacuum Breaker (F076,077) Fails to Operate

False High Steam Line Difterential Pressure Signal®

False High Area Temperature Isolation Signal®

False Low Suction Pressure Trip®

False High Turbine Exhaust Pressure Signal®

System Actuation Logic Fails'

Suction Strainer Fails to Pass Flow

“Indicates a failure mode found in the Pilgrim operating experience review discussed in Section 6.

4-2
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Table 4-2 Notes

Failure contribution is expressed as a pereentage of all significant HPCL failares as
developed by the Operating Experience Review,

Failure ranking is a subjective prioritization based on PRA and operational input, recovery
potential, current accident management philosophy and conditional tailures, as applicable.

Pilgrim significant HPCI failures are based on a review of all available LERs (1980 to
1989),

Although some caution is warranted due to the imited plant specific data, this failure mode
seems to comprise a disproportionate fraction of the Pilgrim HPCI unavailability.  This
arca is a candidate for enhanced inspection attention.

Failure importance was upgraded from the PRA-based ranking of Table 4-1.

Failure importance was downgraded trom the PRA-based ranking of Table 4-1,

HPCT isolation and trip logics are significant contributors to unavailability. The system can
be isolated by a single malfunction, yet instrument surveillance intervals can be greater than
the more reliable actuation logic.

Unlike the system trip and isolation logie, the actuation logic arrangement (one out-of-two
twice) diminishes the importance of a single instrument to reliable system operation. At

lewst two low RPV level or two high dryveell pressure sensors must tail.

The latest BWROG Emergency Procedure Guidelines deemphasize the suppression pool
as an injection souree,

Conditional on the delayed opening of the pump discharge line valve, FOO6,
Un''ke the rest of the tailure modes Histed herein, "Systems Interactions” is not PRA-based.

It wa . identified as a significant failure mechanism during the operating experience review
and s discussed in Section 6.
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5. HPCE SYSTEM WALKDOWN CHECKLIST BY RISK IMPORTANCE

Table 5.1 presents the HPCI system walkdown checklisi tor use by the inspector.  This
information permits inspectors 1o focus their efforts on components important to system availability
and operability. Equipment locations and power sourees are provided to assist in the review of this

system.
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Tabic 5-1 Piigrim HPC" System Walkdown Checklist

Descniption iD NO. Location i Power Source and Lacatieos

Panel D9 Rx Bidg 23, Bke. 72544 | Closed

Panel Bi7 Rx Bidg. 23 Bir. 1768 | Cmen

Panel D9 - RX Bidg 25, 8kr. 72- Open

a3

Fanel 179 - Rx Bidg 23", Bke. 7295¢ | Closed

Panel D5 Bkr. 13 4kV SWGR Room | On

B 37

Panel DS, Rx Bigg 27, Bkr. 72814 | Open

Panel D9, Rx Bidg. 27, Bke. 72964 | Open

Panel DS, Rx Bidg 2% Bkr. 72821 | Closed

Panel D&, Rx Ridg 23 Bkr. 72874, | Clowed

72831

Panel 1%, Rx Bidg 23"

A Comoonents of Hligh Risk Sigriticance Note: All circunt tweakers should be closed (08¢
Turbine Steam holatien Vahe MO-2301-0 | HPCT Room - Fast
Nde of Turbwne
inboard Steam Lolaton Vabve MC 4 | Drywell B2 & NW
Outheard Steam lsolauon Vaive MO-2301-5 | "B" RHR Vaive Room
“Re Bde B 2¥
Pump Inboard Dhs-harge Valve MG 18 | Tip Room
ST foverier Comtrol Room
B. Components of Medium #ak Significance ‘
ST Sucnon Isolatis- Vathve MO-23316 | Aux Pay. EL ¥ North,
B Bay
Pump Ouiboard Discharge Vaive MO-2301-2 | HPCI Room - Soath
Wali
Pump Minesum Pow Valve MO-2301- HPCL Room - Fast
14 Wali
Pur » Sucuon From Suppression Pool MO-250- HPCI Room - East
(2 Valvesj 3%, % Side
Ful . w Test Valve 1w CST MO-250;5 - HPCI Room Entrance
0

apprasal of HPCI system 1atas.

e e e ek

. T2471 | Closed

NOTE: Mamteaance or lesting of the ~bove components 1= miportant ty overall HPCE svailabulity and operabiiity. The mspector should validate maotenance and
testing activities on these cumponents as ime perrats. Contrd - com annunciators and panel status lights should slse be checked periodically for 2 quack
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The following events related 1o turbine speed control faults were identified in the expanded
LER search for Pilgrim:

B Failure was attributed o the ramp gencrator and signal converter.  This ever (LER 89
028) occurred during a surveillance test when a mechanical overspeed trip was generated
by the failure of the ramp generator signal converter module. Discussion with the licensee
system: cnginecring during @ recent visit to the site revealed that subsequent analysis
indicated that the root cause of the overspeed problem was a sluggish mechanical system.
A new pilot relay spring was installed under PDC 9068 which mote effecavely rogulates
the control valve position.

- R Two failures atfecting the Pilgrim turbine speed control systemn were identified. LER 80
OBS descicbes o turbine overspeed ovent that was caused by a failure in the turbine
governor and a faulty resistor in the turbine speed ~ontrol circuitry.  Both failed
componeats were replaced and operational testing was «osmpleted successtully.  In the
second event (LER 88 012) a faulty connector in the wibine control system caused a
turbine overspeed condition and o turhine trip.  The fuiled connector, considered an
isolated case, was replaced and the system testing was completed.

6.1.2 Lube Ol Supply Fuults

There were no failures of the lube oil supply system identified for Pilgrim in the expanded
LER search back to 1980,

6.1.3 Turhine Overspeed and Auto Re ¢t Problems

The mechanical overspeed trip function is set at 125 percent of the rated turbine speed. At
most facilities, the displaceraent of the emergency governor weight lifts a ball tappet that displaces
a piston, aliowing oil to be duniped through a port from the oil operated turbine stop valve. This
action allows the spring foree acting on the piston inside the stop valve oil eylinder to close the
stop valve. The overspeed hydraulic device is capable of automatic reset after a preset time delay,
At Pilgrim, a redesigned tappet assembly has been installed which replaces the original bast tappet,
as per G.E. 516392 Revision 1,

The expanded LER search for Pilgim did not identify anv additional events in this
category.

6,14 HPCl Inverter Lrips or Failuies

The HPCI bwerte. s powered from a 128V DC bus and ultimately powers the turbine
speed contro’ cireuit. The cesults of the industry survey of inverter failures is provided in Appendix
A-1. One HEClLinverter tiip was identified during the review of Pilgrim LERs back through 1980
This trip was attributed to fluctuations in the input DC voltage and not considered an inverter
faiture. This went is discussed in Section 6.16.2

A new inverter was installed at Pilgrim in 1991 under PDC 91-63. This inverter, located
under th= HPCL controls in the control room, has on automatic reset feature tollowing an
abnormal input voltage condition.

6-2
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6.1.5 Tughine Stop Valve Failures

The turbine stop valve HV-2301-1 is located in the steam supply line close to the inlet
connection of the turbine.  The primary function of the valve is to close quickly and stop the flow
of steam to the turbine when so signaled. A secondary function of this hydraulically operated valve
is to open slowly to provide a controlled rate of admission of steam to the turbine and its
governing valve.

The following three reportable events involving B PCH turbine stop valve failures took place
at Pilgrim since 1980

1) LER 82 006 describes the failure of three out of four cap screws that attach the
main disk flange to the main disk of the turbine stop valve. Separation of the
flange from the disk would cause the main disk to remain closed and prevent
initiation of the HPCL.  The cap screw failures were attributed to overload
conditions caused by the steam balance chamber being out of adjustment resulting
in crratic valve operation.  The licensee developed a procedure for adjusting the
sicum balance chamber based on GE SIL No. 352,

2) LER 43 (139 reports the failure of the turbine stop valve to open in the required
time during startup surveillance tests, The cause of this event was attributed to a
deteriorated orifice plate gasket in the hydzaulic contral system ) the stop valve,
The stop valve operated satisfactorily following replacement of the gaskoet.

3 LER B3 (48 reports the failure of a turbine stop valve to operate during the
investigation of ar overpressure condition in the HPCT system.  The valve failure
was caused by a failed coil in the stop valve control unit; the system was :cturned
to service following replacement of the coil.

The HPCI turbine has a set of two mechanical rupture diaphragms in series which protect
the exhaust piping and turhire casing from overpressure conditions. When the inner disk ruptures,
pressure switches cause turbine trip and HPCI isolation signals. Low pressure steam flows past the
ruptured diaphragm through a restriction orifice directly into the torus compartment. Rupture of
the second disk woull vent the turbine exhaust into the torus compartrient without flow vestriction,
The nominal rupture pressure is approximately 175 psig.

Two other failures, including one that oceurred at Pilgrim, (LER &5 008) were attributed
to water hammer duc to carryover from the exhaust line deain pot,  Design changes were
implemented at Pilgrim to alleviate the potential for turbine overspeed and subseguent water
haummai which included the installation of vacuum breaker valves 2301-33 and 34 in series with
check valves 23-CK-232 and 233, in the turbine exhaust to the torus. AEOD Report E402%
provides aadiuonal, earlier examples of turbine exhaust rupture disk failures.

6-3
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6.1.7 [:h\! Controller Failures

The flow controller in conjunction with the electrohydraulic turbine governor controls
turbine soeed and pump flow, The flow controller senses pump discharge flow and outputs a 10 to
SO miliamp signal to the turbing governor to maintain @ constant pump discharge flow rate over
the pressure range of operation,

Pilgrim did not report any incidents involving flow controller failures.

6.1.8 Turbine Control Valve Faults

Pilgrim reported two events (LERs 80-060 and 85-023) involving the tuibine control valve.
Both events involved steam throtde valve oscilations; however, further system testing and
calib tion of the contro instrumentation did not identify a system failere.  The control valve
oscillations were subsequently attributed to dirt in the hydraulic oil, and a stuggish pilot relay valve.

6,1.9 Loss of Lube Oil Cooling

The loss of lube il cooling can be caused by faults in the cooling water lines to and from
the cooler, cooler leakuge, or ilow blc“kage. A prolonged loss of lube oil cooling can lead to
turbine bearing failure. The lube ol temperature is monitored by a temperature indicating switch
with control room annunciation. A summary of the industry survey of lube oil cooling failures is
provided in Appendix A-1.

6.1.10 Miscellaneous

Another potential sy e failure 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 ¢lectro-hydraulic governor. When the fau't did not clear, a system test was
initiated to confirm HPCI operability. When the operator opencd the turbine control 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 poasition. When the stop +alve leaves the fully closed position it itiates a ramp generator
that provides the flow control sigral to the turvine control valve, allowing it to move to the open
position,  Since the auxiliary oil pump had been running tor some time the ramp generator had
timed out and a maximum steam flow demand sienal vas sent to the control valve. This prevented
the turbine steam admission valve from restricting steam {low as it normally would during a turbine
start resulting in high steam flow and a valid system isolation.

Plant procedures address running the auciliary 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 gencrator
has timed out, which occurs after approximately 10 2o 15 seconds. The plant has taken the
following corrective actions to address the problem:

. A modification has been approved that will ¢liminate ramp generator initiation
while the auxiliary oif pump is running unless a valid initiation signal occus.
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. The high pressure coolant injection system operating procedures have been revised
1o includy cautions addressing system inoperability when the auxiliary oif pump is
running.

. The operating procedures that verify 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 control valve is described in
these procedures.

In summary, this is a significant concern because a common plant practice has the potential
to disable the HPCI system. Pilgrim operating procedure 2.2.21.5 contains a precautica relative 1o
the operation of the Auxiliary Oil Pump, 1t should be reviewed periodically 10 assure that this
potential problem continues to be addressed.

A probabilistic ti & assessment develops estimates of system unavailability generally using
a fault tree. The fault tree is a dlagrammatic representation of the known contributors to system
unavailability. In addition to component failures, the syste.n may not be functional de to testing
or maintenance (T&M) activities. In a single train system, like HPCL, test and maintenance
activities on oine  smponent usually disable the entire system. 1t is important to keep the HPCI
T&M contribution as low as possible because it is so important to system unavailability.

The ront sources of excessive HPCH unavailability due to T&M induced tailures were
examined as part of this operating experience review, Forty-th: 2¢ examples of test or maintenance
errors (27% of all HPCI failures) were divided into three categories. Inadequate maintenance of
inadequate post maintenance testing accounted for 22 HPCI failures.

At Pilgrim, a wiring error in the alternate shutdown panel caused interference with normal
HPCI operation. This event is reported in LER 80 019,

A sccond T&M category. consisting of 4 cevents, is attributable 10 human error that
inadvertently or incorrectly disables the HPCI system. Pertinent examples include the disabling of
the wrong HPCI system at a two unit site, mistakenly disabling the auxiliary oil pump due to a
smoke odor in the HPCI room, and valving crrors which later caused a low pump suction trip or
inadequate lube oil pressure,

The final category, "system inadvertently disabled during testing,” consists of thirteen
personnel errors that temporarily disablod the HPCI system.  These incidents include steam line
containment isolation valve closure due to testing errors during isolation logic testing, one valve
motor failure due to overheating caused by excessive stroking during a surveillance test, and an
inverter trip caused by personnel error which resulted in a high voltage condition affecting both
Channel C battery chargers. Unlike the first two categories, the majority of these failures have a
high probability of recovery,
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In summary, the T&M component of system unavailability must be continuously menitored
by the inspector 1o assare it is as low as possible The leensee should be administratively himiting
the time that the HPCI system is in test o maintenance during opetadon.  System restosation
should be vigorously pursued; HPCI should not be down for days, if it can reasonably be repaircd
in hours. If feasible, portions of the system should be tested during outages.  In addition, HPCI
unavailability can also be minimized by adeguate root cause aralysis ana effective corrective action
1o avoid multiple system outages to address the same faillure. Other, less frequent, contributors
includ® inadvertent or unnccessary removal from service and system isclations during calibration
or surveillances,

63  HPCl Failur No.3 - False High Steam Ling Ditferential Pressure Isolation Signa)

The HPCI system is constantly monitored for leakage by sensing steam flow rate, steam
pressure, area temperatures adjacent to HPCH steam lines and equipment, and high HPCI turbine
exhaust pressure. If a leak is detected, the system responds with an alarm and an avtomatic HPCI
isolation. The steam flow rate is monitored by two differential pressure switches located across an
elhow in the steam piping inside the primary containment. The flow measurement is derived by
measuring differential pressure across the inside and outside radius of the elbow. i a leak is
detected, the system isolates the HPCI steam line and actuates a control room annunciator.

A summary of failures identified during the industry survey for this mode is provided in
Appendix A-2. There were no applicable failures reported tor Pilgrim over the period 1980 - 1989,

64 HPCI Failure No. 4 - Turbine Steam Inlet Valve MO-£301-3 (F001) Fails to Qpen

Maoior operated valve MO-2301-3 (FOO1) is a normally closed, DC powered gate valve,
This valve opens on automatic or manual initiation signal.

At Pilgrim, three failures related 1o the turbine steam inlet valve have been reported over
the period of 1980 1o 1989,

1) LER 82 (46 reported that clectrical faults caused the HPCH system to be declared
inuperable. This seme event was also reported in LER 82 053, The root cause for
both problems was identified as valve stem packing leakage due to a scored stem;
the valve stem was repaired during a scheduled preventive mauntenance outage.

2) LER 83 052 describes the failure of the turbine steam inlet valve to open during a
monthly surveillance. The cause of this failure on demand was determined tobe a
grounded armature in the motor of the valve operator. The motor and associated
circuit breaker were replaced and the system was successtuily tested.

3 LER 89 (25 provides a deseription of a steam turbine supply ~alve failing to open
during an operability surveillance test. The cause of this failure was attributed 1o
two loose torgue switch setting adjusting serews,  These serews affected the torque
setting and consequently,  wsed damage to the valve operator internals and the
motor windings.  The valve operator was repaired and the motor was replaced.
Subsequent testing was completed with acceptable results.
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6.5  HPCI Failute No. £ - Pump Dischurge Valve MO-2301-8 (F106) Fails 10 Open

Motor operated valve MO-2301-8 (FI06) 1 1 normally closed, RC powered gate valve that
is automatically opened upon system itiation. The failure of this valve o open disables HPCI
injection into the reactor vessel. There have beeit 8 pump discharge fatlures documented in the
operating expericnce review, aecounting for 5% of all system tuilures.

At Pilgrim, the expanded LER scarch identified one tailure of the HPCI pump discharge
vilve, LER &2 008 describes the failure of MO-2301-8 to fully open during a surveillance test. An
investigation identified a missing wire jumper that was intended to bypass the motor operator
torque switch. The valve was successfully fested after installation of the jumper.

6.6  HPCL Failurg No, 6 - Systems Interagtions

Systems interactions refer 1o unrelated system fuilures that can disable HPCL Althouzh
there is no associated PRA category, the operating experience review identified the following
system interactions that disabled the HPC system:

1. During & fire protection system surveillance test, approxiniately one gallon of water
drained onto a battery motor control eenter (MOC) causing a cireuit breaker
overload trip and valve inoperability.

rs

A cracked flow control valve test coupling sprayed water on a battery MCC and
disabled a main steam line drain loss of power mositor, HPCH was disabled when
the MCC was decenergized to inspect and dry the comasonents.

3 Activation of the fire protection deluge system in the control room HVAC system
caused the HPCI trip solenoid to energize and disable the system. Other systems
were disabled as an analog trip system panel was effected by the moisiure.

4. An automatic spric Kler system tn the HFCH room activated after a system test. The
probable cause was viipor buildup from the leakott drain system that activated on
ionization detector,

“n

Setpoint drift in a Fenwal temy crature switch caused activation of a deluge system
during a HPCI turbine overspeed test.

Note: During the site visit, no fire protection sprinklers were observed in the HPCI room
at Pilgrim. At this time, therefore, this sytem interaction should not he a primary
area for concern by the inspectors at Pilgrim,

Startup and operation of the HPCI system is automaticatly initiated upon detection of
cither low-low reactor vessel water leve! (<49 inches deereasing) in the reactor vessel or high
drywell pressure (2.5 psig. inereasing). It can be manually initisted by following a sequence of
operations provided on Pilgrim’s main control board.
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switchover logic to maintain the CST suction souree, of to realign if a switchover to the pool has
occurred.  Therelore, the inspection focus should be on the continued viability of the CST as an

injection source during an aceident sequence
There wire o failures in this category repor.od at Pilgrim.

23013 _Fails 10 Open

At Piljrim, there are two 250 VDC powered suppression pool HPCI pump suction valves,
MO-2301-36 (FO42) and MO-2301-35, in series with a check valve instead of the MOV and check
valve arrangement often found at BWRs. The HPCI system is initially aligned to the condensate
storage tank. The suppression pool suction valves are opened and the CST suction valve is closed
on a CST low water level or a high suppression pool level signal - The importance of this failure
mode has been diminished by the current emergency procedure guidelines which emphasize the
continued use of outside injection sources.  Thit requires aperator action 1o bypass the HPCI
suppression pool switchover logie to prevent the apening of the suppression poal suction valies
MO-2301-25 and MO-2301-38. This is es,ccially true for the cecay heat removal (non ATWS)
sequence wheie it is likely that the CST makeup can be maintained.

At Pilgrim, LER 82 042 reported the failure of a torus suction valve to operate during a
surveillance. An open ficld vinding on the valve operator motor was identified as the cause. The
motor was rewound, successiully tested, and returned to service.

614 HPCI Failure ini Valve MO:2301-

The minimum flow bypass line is provided for pump protection. The bypiss valve, MO-
2301-14 (F012), automatically opers on a low flow signal of 400 gpm and closes when the flow
reaches 800 gpm. When the bypass is open, flow is directed to the suppression pool. During an
actual system demand, the failure of the minimum fAow valve to open is importanc only if the
apening of the pump discharge valve (FO06) is significantly delayed. In general, this combination
of everts is not probabilistically significant.  With regard to system operation and testing in the
minimum flow mode, the licensee response to Bulletin 88.04" should be reviewed to determine f
the design of the minimum flow bypass line is adequate, Unless there is a design concern or 4
. qutring problem with either component, inspection effort should be minimized in this arca.

No failures of the minimum fow bypass valve were reported at Pilgrim sinee 1980

6.15  Other Falures

The Operating Experienes Review did not identify any HPCH failures for the following ten
PRA based failure modes:

Normglly Open Pump Discharge Valve MO 2301.9 (FO07) Fails Closed or is Plugged
Pump Discharge Check Valve CK-2301-7 (FOOS) Fails to Open

CST Suction Line Check Valve (Fii9) Fails to Open

CST Suction Line Manual Valve (FU10) Plugged

Normally open CST Pump Suction Valve MO-2301-6 (FO04) fails closed or is plugged.

e N o
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o a steamline differential pressure transmitter with a non-conservative setting; and
¢ an inboard containment 1solation valve that failed to close.
Examples of pump suction overpressurizations include:

¢ aslow closing pump discharge check valve that caused a pressure surge after a turbine
trip; and

¢ water hammer caused by void coliapse following system initiation after feedwater back
leakage elevated the temperature in the pump discharge line.

Pilgrim had a HPCI oveipressurization event during a system logic surveillance. Two pump
discharge MOVs were partially left open due to personnel error; in addition, an upstream check
valve (FOO3) was not properly seated. The pump suction line was overpressurized by the feedwater
header and failed the turbine gland seal condenser seals.

In general, the HPCI LOCA outside containment event is a small contributor to the total
core damage potential. The ~xamples presented above indicate possible areas for inspection to
assiire that this core damage potential remaing low,

6.17.2 HPCI Support Systems

The high presswie coolant injection system s dependent on the following systems for
successful vperation:

DC Power For system contro (125 V DC) and valve movement (250 V DC).

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

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

During the HICl operational experience review the influence of support systems on HPCI
availability was zpparent. The loss or degradation of the DC battery or bus that powers HPCI has
a straightforward eftect. Besides the battery charger problems or fuse openings, the more unusual
D system problea.s included a battery degradation duc 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 could t:ip the station inverters or fail MOVs, This
would be of particular concern during a loss of offsite power or a station blackout event.

An incident involving the DC power supply was reported at Pilgrim in LER 85 029. The
investigation of this event attributed the trip of a breaker feeding the HPCI and ATWS inverters
to fluctuations in the input DC voliage,

6-11
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) SUMMARY

This System Risk-Based Inspection Guide (Systen, RIG) has been developed as an aid to
HPCI system inspections at Pilgrim. The document presents a risk-based discussion of the HPCI
role in accident mitigation and provides PRA-based HPCI failure modes. in addition, the System
RIG uses industry operating expericuce, including illustrative examples, to augment ihe basic PRA
failure modes. The risk-based input and the operating experience have heen combined in Table
4-2 10 develop a composite BWR HPCI failure rans.ag. This information can be used to optimize
NRC resources by allocating proactive inspection effort based on risk and industry experience. In
addition, component faults are suimmarized in Section 6, and provide potential insights both for
routine inspections and the “post mortems” conducted after significant failures.

The 1Mlgrim operating experience review has identified the iollowing component failure
modes that have shown @ higher percentage of occurrence:

*  turbine speed control faults

. turbine stop valve failure

. turbine control valve faults

. turbine steam inlet valve fails to open

. Containment isolation valve fails closed

These components should be given additional attention during future routine and
specialized inspection activities.







AFPENDIX A
SUMMARY OF INDUSTRY SURVEY OF HPCI OPERATING EXPERIENCE
HPCI PUMP OR TURBINE FAILS TO START OR RUN
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Table A-1 HPCI Pump or Turbine Fails to Start - Industry Survey Results

==

U orrectve Measures

Comments

Two saamilar fadures witrshuted 1o aging
effects due 10 iong 1% 1 corrgization and
possibly cicveted ambrent lemperatures
An FGM priated cirouit board falec and
caused 2 false high steam flow < gnal The
second failare mvolved the electraics m
the control box chasss

PO pranted circsit boards will be
replaced at enght year mtervals.
Addrtionsl HPCT pump room cooling
added

Each of these BG2T comtrol box
failares oocurred & older plants
and apyzar 1o be aging related.

EGM controi box had a ground.

Two printed circunt boards replaced.

Miscalibraiion of aul! voltage setimgs

Recalibvratuon of voltage settings

Farded wansstor m the | GM cntrol box

Box replaced Surveiflance
procedures bewng expanded 1o versdy
propes (unciiomng of the output
speed crrout.

Maotaor speed HPC failed 2sto mitatvon serveiliance
changerT°G-R becavse the clectrical ~ maechons between
actuator maifunctions. | governor comirnd aml governor valve

elearohvdraubic servo were m error

T oron was not detected durng 2
previows test at 160 pug Procedures
revsed to functionaliy test the
grvernor conteol system doring the
fow pressure surveiliance testne

Capacitor failuice i motor gear emt.

Replaced capacitor

Fallure may have been caused by
exoessve HPCTE room
1emper ature

Ambiewl temperatores

cqmpment arcas should b
werified within

Improper gapme and foregn accumulanon
on contacts

Lomponent repiaced or serveed

EG-R actuator grownded at pin comnection
due to the accumulation of corrosion
products. There were threo occurrences of
this event that have heen atiributed 1o 2
design change wi the actuator pin

conme Chions.

Corroswon prode s remewed.

e e
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Table A1 (Cont'd)

e R A

Root Canse

e

Rewstor bor design deficiency-specia tes?
showed output voltage insufficient whea
mput voltage at design munmman

Resstor Fatlure

Slow HPCE response time atiribe ~d
settings.

settings had not been modificd
based on powes ascension 108t

Cabie damaged durimg HPCT matatenance | Cable rejawed
preventing speed feedhack o the speed
controlier.
Lowose control room panel terminations. Repared panel termpnations
Mic cwantch within pressure switch fails Microswitch replaced 2 additonal faslure e 10
antributed 1o a prece of veflon
fape that blocked semsmg onfice
of sastch.
Lose hydranie comtrol sysiem pressure Compounent ad;usivd
switch contactng arm.
Angshary <l pump Pump bearmg L dure degraded pump Pump replaced Semslar cvem pump motor
tature performancedove - Lscharge pressure, bearmg (alure was possibly due
bearmg had been o ently replaced- 1o dmly use 1o suppiy i to
potential human error turbme stop valve.
bearnmg of pressuse misposity ped removed Surveiliance revised 1o at other plants
ooCTences check ol pressure “wing turbine
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Table At {Cont'u)

Root Cagse

Carrectwe Measures

Commwents

Paraflin i lube oil coated prston caused
Bindimg of hydrauic tnp relay

Fraton, cleaned

AUTO RESET
PROBLEMS

Flectnical termmation
faviures

Lovme electr cal wrmmaton on solenod
valve vosl disabled the remr te reset
function. Failure attnibuted 1o normal

Wirmg to the solenowd will o
restramned 1o reduce strmn oo the
e rannalions.

The corrective actrw for a3
simmlar carlier event apparcatly
dud oot address the root cause of
e il

Overspeed trip device
tappet Mading

Tapper rempchmed

Semilar ocourre=e at awwoiher

Repamed comtactor srm

None.

Dran port Blocked.

port m averspeed trap and auto resct
prston assembly caused wip mechanism 7
%

Drae pont cleared.

Additwonal informiton an
turbine werspeed inps =
prowades m NRC Info naicn
Notwe 8614 and 7614, Supp 1

foverter tnpped and could not be reset
doe to 3 faled drod-.

Replaced mverter

See B [ ¥ for effects of mverter
agng snd prevesiative measnres

- Inverter failed due 10 the faiiure of an

mternal capacitor.

Replaccd mverter

A similar event isvolving a
ruptured capac:tor occurred at
another plant.













APPERDIX A2
SELECTED EXAMPLES OF ADDITIONAL HPC! FAILURE
MODES IDENTIFIED CRING INDUSTRY SURVEY

A8










e e e L .1

6V

Table A-2 Sumamary of Hlustraiive Examples of Additional Industry HPCI Failure Modes

Rowt Cause

Corrective Measures

Comments

Inspection Gusdance 1

Differeatial pressure transmitter {aded due
1 inadequate connection of amphfie
condition card was either mcorrectly
seated Juring instaliation or worked loose.

Amplifier card conmection was

Rosemont Transonfter

NRC Information. Notioe
B2 16 provades addstional
miormation on steamine
IHCSSUTE Measure ment

Muscalibration and a stuck pressure
mdicator disabled both divisions of high
AP transmutters.

Wrong comversion value caused
miscalibranon and was corrected.

Rosemont Transmtter

Transanticr operating owside tolerances
due 0 mowrect seipoint adjustmens

Recahibrated iransmtter

Comservatively parrow istrument
tolerances were used during the

| setpoint adiosiment. The

msirument was a Rosemsount
Transowttcr.

Setpoist drift cause spunious system
-

Setpoint was adyp sted

Rarton transemitier

Increased calibraton
frequency may be

Setpownt draft caused by mosune mtresion
through the dial rod shaft seal

Unknown

HPCT Faslure 4 -
Turbine Steam Tolet
Valve [F001] fails to
open

Mechanicaithermai binding of disk due 10

Interinn verreane action was drilling

wadequate clearasces @ hoke in the valve disk.  Double procedural and traming
disks were 0 be nstalled dunng a made guacies
fmlure efuchng outage as a long
ferm s oahwon,
Thermal binding of disk Replaced motor gears and wstalled The th sl bnding can occer A four howr system
farger power supply cable to motor for —2 hours after sysiem s warmp may be requred
returned o service followng 2 by procegnres to
Motor fature Surge protechion added to shunt ool

of DC moter contral Groustry.




Table A-2 (Comt'd)

— — e ———— ===
l Fatlure Desc Root Cause Correctve Muasures Comments Inspection Gasdance
; HPCl Fadure 4 - Motor farure Valve repared and torque switch Maotor windngs faidded when Onther safety refated MOV
(coat'd) sdjustment screws were oorrectly torgee sctting om of adjustment were also affected
rorgued due 1o pame orgue swatch Pr wedures were revised
adjustment screws. and torque switch lomieer
plates were installed
l Valve motcs fatlure doc to incorsect steam | Valve motor was replaced.
| 2
! Licensee review deternmuned that valve Remowed step starting resistors Onher D MOVS were also INPO SER 2588 and
| maght ot open due 10 wsufficient toraue evaiuated NRC Information Notioe
l 8572 prowide further
i !
1 HPCT Failure S - Mispositioned axthary contacts m starting | Repiasced contacts
Pamp Discharge time delay refay for vabve motor
Valve [FOO6] Fails 10
Open Valve motor falure Vot motor replaced Fadure atte buted 1o beal related
> breakdowe of vabe motor
o mternals
Licensee review determined that valve may | Step starung resistors had not been Potential probicm may affect INF) PR 2588 and
have mnsufficient torque to open considered i the lorgue analvses other D MOVS NPC jnformanon Notice
and were removed promade additonal
gundance.
HPCT Failure 6 - Motor fadlure Wiading insulanon Replaced motor. Voltage serge High voitage transwemts ovcorred
Suppression Pool depraded due to high voltage transents. protection added 10 cirowry as supply breaker was opened
Suction Line Valy - )
Fail 10 Open Torgque switch out of adjustment Kecahorated
Limut swrich fmlure Replaced Dt switch.
Valve stem separated from disk Valve repawed Three bolis faled due 1o tesiic These vakes were
overload Other samiiar vaives manufactured by
Associated Comtrol
Equpment, Inc
Design changes may be

required as 3 result of the
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