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1. INTRODUCTION

1.1 Purpose

This HPCS System Risk-Based Inspection Gnde (S-RI1G) has been developed as an aid to NRC
inspection activities at the BWR/S and BWR/6 plants utilizing HPCS as a means of high pressure injection
into the reactor vessel The document presents a risk-based discussion of the HPCS role in accident
mitigation and provides PRA-based HPCS failure modes. 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.

The system RIG goes a step further, however, by using indusiry operating experience, including
illustrative examples, to augment the basic PRA fuilure modes. The risk based input and the operating
experience are combined to develop a composite BWR HPCS failure ranking. This information nay then
be used to optimize NRC resources by allocating proactive inspection effort based on both risk and industry

experience.

1.2 Scope

The High Pressure Core Spray (HPCS) system has been examined from a risk perspective. Following
a brief generalized description of the HPCS system for background information (Section 2), common BWR
accident sequences in which HPCS function is required are discussed in Seciion 3 both to review the system
accident mitigation capability, and to identify system unavailability combinations that can preatly increase
risk axposure. Section 4 descrives the prioritization of the PRA bascd HPCS failure modes for inspection
purposes, and the results of a review of BWR operating experience are presented in Section S 1o illustrate

these failure modes. This inspection guide also provides additional information in related areas such as

I




HPCS support systems, human errors, system interactions, and valve failures (Section 6). A summary and
list of references are provided in Sections 7 and 8, respectively. Modified (based upon risk) HPCS system
walkdown tables specific 1o the HPCS systems found in each individual plant are provided in Appendices
A.l through A7. A proposed inspection plan for diesel generators at nuclear power plants is given in

Appendix B as a guideline for inspections which encompass the HPCS diesel generator.

1.3 Application to Inspections

This inspection guide can be used as a reference for both routine inspections and for identifying the
significance of component failures. The information presented in Section § can be used 1o prioritize day-to-
day inspection activities and the illustrative HPCS failures can provide multiple inspection perspectives.
The system RIG is also useful for NRC inspection activities in response to system failures. The accident
sequence scenarios described in Section 3, in conjunctioa with the discussion of multiple system
unavailability (Section %), provide some insight into combinations of system outages that can greatly
increase risk. Within the context of the HPCS system, the operating experience review provides examples
of several failure mechanisms (together with the corrective actions implemented and potential areas for
inspectiGn) which are useful for the review of licensee response to a system failure. The system RIG can
also be used for trending purposes. Table 5-1 provides a summary of the HPCS operating oxpenence, in
particular the industry wide distribution of HPCS failures. The summary section presents a compilation of
the industry expenence with HPCS up to mid-1990. Those HPCS failure modes which account for a larger
fraction of the HPCS system failures are candidates for increased inspection activity. Since the plant
specific failure distribution is expected to vary over time, the summary includes a mechanism to update and

trend each indiaidual plant’s HPCS expenience, in comparison 1o the more static industry experience.
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2. GENERAL HPCS SYSTEM DESCRIPTION

The High Pressure Core Spray (HPCS) system is a single train, high pressurc injection system
used in BWR/S and BWR/6 plants. It includes a single electric motor-driven pump, associated valves,
piping, and instrumentation to provide cooling water to the reactor core. A simplified flow diagram is
provided in Figure 2-1. The HPCS System, in conjunction with other ECCS, is designed to ¢ool the
reactor core sufficiently to prevent fuel cladding temperatures from exceeding 2200°F following any
break in the nuclear .ystem piping. The HPCS System is designed to pump w *er into the core over a
wide range of pressures from SRV lift pressure (tvpically up to 50 psi, differential) 1o below 200 psid.
For small breaks (less than one inch diameter), HPCS is capable of maintaining reactor water level
above the top of the core, and preventing actuation of the Automatic Depressurization System (ADS).
For large breaks up to and including the Design Basis Accident, HPCS plus either Division | ECCS
(RHR A and LPCS) or Division Il ECCS (RHR E and C) is capabie of prowiding adequaie core
cooling.

HPCS also serves as a backup to the Reactor Core Isolation Cooling (KCIC) System to supply
makeup water to the reactor vessel in the event of a reactor isolation.

The HPCS system takes suction from either of two sources: the Condensate Storage Tank
(CST), or the suppression pool. The primary source of water for the HPCS System is the CST. The
suction line taps into the CST via a locked open manual valve at a lov.er elevation than any other CST
suction lines to ensure an adequate minimum reserve capacity for the HPCS system, as well as the
RCIC system, which taps off of the HPCS suction line. The normally open HPCS CST suction line
isolation valve FO01,' and CST suction line check valve FO02 are located downstream of the RCIC tap

oft.

'Standard GE valve designations are utilized throughout this system description.

2-1
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The alternate source of water to the HPCS system is the suppression pool. A st inless steel
mesh strainer is provided at the source of the suppression pool suction pipe. This strainer is designed
to maintain adequate NPSH for the HPCS pump with up to fifty percent of the strainer surface area
plugged. The suppression pool suction flow passes through isolation valve FO1S and a checkvalve FO16
to the HPCS pump.

Upon system initiation the CST suction line solation valve FOO1 will open, providing a source
from the CST. Should a CST low level condition occur HPCS, suction will switch over to the
suppression pool automatically after a brief (approximately two second) time delay. The time delay
prevents inadvertent shifting due to the pressure transient when the HPCS pump starts. Once the
suppression pool suction isolation valve FO15 is fully open, the CST suction isolation valve FOO1 will
close. Automatic switching of the suction source will also occur upon a high level condition in the
suppression pool.

HPCS pump discharge flow to the reactor vessel passes through a normally shut injection
isolation valve FOO4, located outside the containment, and a pneumatically testable check valve FOOS
and a locked open injection stop valve (FO36 in BWR/6 or FO38 in BWR/S), located inside the drywell.
The piping enters the re ctor vessel above the shroud and separates into two lines which curve around
the inside of the vessel in opposite directions. The two lines turn downward 180° apart and penetrate
the shroud just above the top of the core. The two semi-circular spargers contain nozzles which direct
the flow to the top of the fuel bundles in the reactor core to remove decay heat following a postulated
loss of coolant accident. The HPCS system will initiate sutom :tically on either high drywell pressure
or low reactor water level (level 2). In the event the HPCS system is in any mode other than standby
when an automatic initiation signal is received, all valves will realign for the injection mode of
operation. HPCS system injection into the reactor vessel is automatically terminated when a high

reactor vessel level (level B) is reached by automatic closure of the injection isolation valve (FO04).
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When reactor vessel level again drops to level 2 the injection valve automatically opens to commence '
injection inte the reactor.

A minimum flow line is provided to assure that the minimum flow requirements for the HPCS
pump are met to avoid impeller damage. The pump minimum flow line passes flow through restricting
orifice D001 and minimum flow control valve FO12 to the suppression pool. The flow coatrol valve
FO12 position is controlled at most plants by signals from flow element FE-N0O7, and Pressure
Transmitter PT-NOS1.

Two full flow test lines provide the capabiity to test the HPCS system while discharging to
either the CST, through the CST test vaives FO10 and FO11, or the suppression pool, through the test
to suppression pool valve FOL3. A restricting orifice (D004, DO0S) is installed in each of these test lines
to simulate the back pressure seen when pumping into the reactor vessel. Valve interlocks prevent
establishing a test flow path from the suppression pool to the CST.

The HPCS system utilizes a "Keep Fill," "Jockey," or "Water Leg" pump to ensure that the
piping between the injection vaive FOO! Gid the HPCS pump discharge check valve FO24 is maintained
full of water, This minimizes the occurrence of water hammer (due to the voiding of system piping)
and minimizes the time it takes for the HPCS system to actually deliver water to the reactor vessel
following initiation. Normal power for the HPCS system is provided from the Division 3 bus. In the
event of a total loss of normal power, this bus is powered by the HPCS diesel generator, The HPCS

system w.ll deliver rated flow into the vessel within 27 seconds following receipt of an initiation signal.

Plant specific details for the HPCS system are provided in Appendix A and References 40-63.




3 ACCIDENT SEQUENCE DISCUSSION

The role of the HPCS system in the prevention of reactor core damage during abnormal plant
conditions provides valuable information that can be applied to normal day-to-day inspection activities.
If a plant has its own Probabilistic Risk Assessment (PRA), this information is readily available. Not
only are plant specific design and operating nuances considered, but the accident sequences, syatems,

and component risk importances are generally quantified and prioritized

Since most olants do not currently have PRAs, the application of risk insighs is less straight-
forward. An ongoing PRA-based Team Inspection Methodology for the Risk Applications Branch of
NRR has developed eight representative BWR accident sequences based on & review of the available
PRAs [1]. Because of design and operational similarities, generic risk insights from these representative
accidents can be applied to other BWRs for risk based inspections. This information can be used to
allocate inspection resources commensurate with risk importaace. In addition, if single or multiple
systems are degraded or unavailable, this methodology can be used to designate those accident se-
quences that have become more critical due to the unavailability of a key system(s). This allows the
inspector to focus on the remaining systems/components within a sequence to assure continued avail-
ability and minimize plant risk. Five of the eight representative sequences require the HPCS system to

function for mitigation or as a potential initiator. These five sequences are discussed below.

31 s of Hi ssu fectio ailure to r

This sequence is initiated by a general transient (such as turbine trip with subsequent MSIV
closure, MSIV closure and loss of condenser vacuum, loss of main feedwater, inadvertent SRV opening

with MSIV closure, or a loss of offsite power), or a small break LOCA. The reactor successfully

31



scrams. The power conversion system, including the main condenser, is unavailable cither as a direct
result of the initiator or due to subsequent MSIV closure. The high pressure injection systems (HPCZS/
RCIC) fail to inject into the vessel. The major causes of HPCS/RCIC unavailability include hardware
failures (primarily pump faults) and system outages for test or maintenance activities. The CRD hy-
draulic (CRDH) system can also be used as a source of high pressure injection (HPI), but the failure
of the second CRD pump or unsuccessful flow control station valving prevents sufficient RPV injection,
The operator attempts to manually depressurize the reactor pressure vessel (RPV), but a common cause
failure of the safety relief valves (SRVs) defeats both manual and automatic depressurization of the
reactor vessel. The failure to depressurize the vessel after HPI failure results in core damage due to

a lack of vessel makeup.

32 Station Blackout (SBO) with Intermediate Term Failure of High Pressure Injection

This sequence is initiated by a loss of offsite power (LOOP). The division I and 11 emergency
diesel generators (EDGs) are unavailable, primarily due to hardware faults. Maintenance unavailability
is a secondary contributor. Support system malfunctions include EDG room or battery/switchgear room

HVAC failures, service water pump, or EDG jacket cooler hardware failures.

The high pressure injection systems can provide inventory makeup until:

. the Division 1T (HPCS) diesel generator fails to continue to run

. the systems fail due to environmental conditions; i.e., loss of room cooling and ventila-

tion, high lube oil temperatures, or high RCIC turbine exhaust pressure due tot.  high

suppression pool temperature and pressure, or
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This sequence is initiated by a transient with initial or subsequent MSIV closure and a failure
of the reactor protection system. Attempts to manually scram are not successful, however the Standby
Liquid Control System (SL.CS) is initiated. By definition, the condenser and the feedwater system are
unavailable. The BWR Owner’'s Group Emergency Procedure Guidelines (EPGs) recommend RPV
water level reductions to control reactor power below 3% and the BWR representative sequence was

based on that philosophy.

This sequence postulates a failure to ensure sufficient RPV makeup at high pressure 10 prevent
cor damage. The high pressure injection (HPCS) svstem fails, primarily due to pump failure to start
or testing and maintenance (T&M) unavailability. Injection or minflow valves, suction switchover, or
loss of electrical power are other system failures. HPCS pump failure to start or run, pump unavailabil-
ity due to testing and maintenance activities, and Service Water EDG jacket cooler inlet or return valve

failures are the major system failures

At this point in the sequence, once HPCS has failed, with ADS inhibited, the remaining high
pressure injection systems cannot keep the core covered at ATWS power levels. The operator fails to

manually depressurize in a timely fashion, and core damage ensues.

The continued operability of HPCS during an ATWS event 1s critical. Within the context of this
accident sequence, (i.e., ime available for success) the licensee capability to perform the logic bypasses

should be evaluated periodically. With regard to HPCS system availability, the remaining sections will

discuss system failures and availability evaluation.



35 Unisolated LOCA Outside Containment

An interfacing LOCA initiator is defined as the initial pressurization of a low pressure line
which results in a pressure boundary failure, compounded by the failure to isolate the failed line. The
failure is typically postulated | 3 low pressure portion of the low pressure core spray (LPCS) system,
the LPCI, shutdown cooling and (to a lesser extent), the HPCS or RCIC pump suction, or the head

spray line of RHR rystem

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 source of RPV injection. Piping
failures in the reactor building cai. also result in unfavorable environmental conditions for the ECCS.
Unless the unaffected ECCS systems or the condensate system are available, long term RFPV injection

is suspect and core damage is likely

There have been several HPCI pump suction overpressurization events, priraarily during surveil-
lance testing of the normally closed motor-operated HPCI injection valve [4]. This is of particular
concern for the discharge configuration with a testable air-operated check valve in addition to the
normally closed MOV because of the valve's history of back leakage. There is the potential tor a simi-
lar situation to develop in the HPCS system which also utilizes a normally closed motor-operated injec-

tion valve FOO4 in series with a testable air-operated check valve FOOS in the injection line.

Several possible interfacing system LOCA precursors are included in Section 6, Other System

Considerations,




As previously stated, the high pressure injection function (HPCS/RCIC/CRDH) is important in
five of the eight representative BWR acciden’ sequences. The various system failures and their impor-
tances in all eight sequences were prioritized by their contribution to overall core damage frequency
(using a normalized Fussell-Vesely importance measure). The high pressure injection function, in
aggregate, was in the high importance category. Other high risk important systems are Emergency AC
Power and RPS. The HPCS system itself is of medium risk importance, because of the multiple systems
that can successfully provide vessel makeup at high pressure. For comparison, other systems with a
medium risk importance are: Standby Liguid Control, AutomaticManual Depressurization, Service

Water, and DC Power.
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4 PRA-BASED HPCS FAILURE MODES

PRA models are often used for inspection purpose: .. piioritize systems, components, and hu-
man actions from a risk perspective. This enables the inspection effort to be apportioneu based on a
prioritization measure called risk importance. The HPCS failure modes for this system Risk-Based
Inspection Guide (System R1G) were developed from a review of BWR plant specific R1Gs [6-10] and
the PRA-Based Team Inspection Methodoiogy [1]. The component failure modes are presented in
Table 4-1, grouped by risk significance. The potential human errors associated with HPCS system

availability are discussed separately in Scction 6.

PRAs are less help. .| in the determination of specific failure modes or root causes and do not
generally are not intended to provide detailed inspection guidance. This makes it necessary for an
inspector to draw on his experience, plant operating history, Licensee Event Reports (LERs), NRC
Bulletins, Information Notices and Generic Letters, INPO documents, vendor information and similar
sources to conduct an inspection of the PRA-prioritized items. To accomplish this task, the next section
presents the results of a HPCS operating experience review. The aforementioned scurces of HPCS
information are correlated by PRA failure mode to provide illustrative examples which help to focus

inspection efforts

4-1
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Table 4-1 HPC'S PRA-Based Failure Summary

COMPONENTS’
High Risk Importance’

Pump Fails to Start or Run
Svstem Unavailable Due to Test or Maintenance Activities
HPCS Pumo Injection isolation Valve FOO4 Fails to Open

Medium Risk Importance’

CST/Suppression Pool Switchover Logic Fails

Suppression Pool Suction Valve FO15 Fails to Open

Normally Open HPCS Manual Injection Line Stop Valve (F036 in BWR/6, FO38 in BWR/S) is
Plugged or Closed

Minimum Flow Valve 012 Fails to Open

Lower Risk Importance’

CST Suction Line Check Valve FOO2 Fails to Open

CST Suction Line Manual Valve is Plugged

Normally Open CST Pump Suction Valve FOO1 Fails Closed or is Plugged

Pump Discharge Check Valve F024 Fails to Open or Air Testable Check Valve FOO5 Fails to
n

Suppression Pool Suction Line Check Valve F0O16 Fails to Open

False Low Suction Pressure Alarm

System Actuation Logic Fails

Suction Strainer Fails to Pass Flow

See Section 6 for a discussion of HPCS human errors.

The Fussell-Vesely Importance Measure is used to rank the system components, This measure
combines the risk significance of a failure or unavailability with the likelihood that the
failure/unavailability will occur.



s. OPERATING EXPERIENCE REVIEW

An HPCS system operating experience review was performed in order to compare actual
industry operating experience with the PRA-derived failure modes for HPCS. At the seven BWR/S and
BWR/6 plants utilizing HPCS systems, seventy-five HPCS Licensee Event Report (LERs) were
identified (through mid-1990) via the Sequence Coding Search System (SCSS). These were reviewed
for applicability to the 15 PRA failure modes for HPCS; 23 LERs documented such HPCS faults or
degradations. Table 5.1 presents a summary of the LERs categorized by failure mode. Fifteen LERs
involved problems with the dedicated HPCS (Division 3) emergency diese! generator (EDG), five
reported problems with the Division 3 AC bus, and one incident was associated with the Division 3IDC
bus. In addition, twenty-four LERs reported problems such as: generic valve failures of HPCS valves,
HPCS support systems, human error, simultancous unavailability of multiple required ECCS systems,
and potential LOCA situations. These events are described in more detail in Section 6. The
remainder of the LERs documented occurrences such as successful system challenges, administrative
deviations, and seismic or equipment qualification concerns.

The BWR/S and BWR/6 plants ~hich utilize the HPCS system have only been in operation
since the early 1980s  There are only seven plants of this vintage, and seviia have only just begun
operating, For these 1 ons, the operating experience accumulated by the nuclear industry for the
HPCS system is very limited as compared to the HPCI system, and the quantity of HPCS-related LERs
reported to date is not very large.

In order to enhance the comparison of the industry’'s HPCS LER operating experience with the
PRA derived failure modes, the Nuclear Plant Reliability Data System (NPRDS) was also searched for
HPCS-related events. NPRDS incidents which are related to or are potential precursors of the PRA-
derived failure modes are highlighted in the following subsections (by definition, the most significant

events are reported as LERs). By examining the NPRDS data, additional insights can be gained into

541
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failure mec..anisms or other problems which might impact risk-important components in the HPCS
system. This supplements the information provided by the limited LER experience base available at
this time and provides greater confidence that the most critical items have been identified.

Each of the fifteen PRA-based failure modes that has corresponding industry failures is
discussed below. Selected LERs and NPRDS failure events identified during the operating experience
review are summarized 1o illustrate typicai failure mechanisms, applicable inspection methods, and
potential corrective actions. Where applicable, other sources of background information are cited
including NRC [E Bulletins, Information Notices, Inspection Reports, NUREGs, and AEOD Reports.
Selected illustrative examples of corresponding industry failures are provided in Table 5.2 along with
details of the root cause, method of detection, corrective action taken, and potential inspection areas
that could identify and prevent similar problems. This information can help inspectors by providing
valuable insight into the types of problems which their assigned plants may already be experiencing, or
anticipating risk-significant problems which have developed in plants of similar design to their own,
5.1 HPCS Failure No. 1 - HPCS Pump Fails to Start or Run

The major contributor to HPCI system unavailability, both from a risk and operational
viewpoint, is the failure of the electric motor driven pump to start or continue running. The problen.
areas which can lead to this failure mode can be grouped into four categories: 1) HPCS pump circuit
breaker problems, 2) motor/pump instrumentation and control (1&C) problems, 3) motor and pump
problems, and 4) loss of 4160V AC power to Division 111 Table 5.2, Section 5.1 contains descriptions

of five events associated with problems of circuit breakers and 1&C.



Table 52 Mustrative Examples of Risk-Important HPCS Failures

s
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PHA Denved Detection
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Table 5.2 Nustrative Examples of Risk-important HPCS Failures(Cont'd)
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instailed. switches in all Divtson MY
G160V swiichgear
Perry 1 LFR 440 88 0271508 SAGAO 284 AlLRM Leskage of water into trapsmitter Heptaced transrmtter Pralume effectiveness of somedive sction
HFCS dedlared inop due to erroneouws HPCS for HNCS Enc break momitoning Sesied condhit to irnemitter
Lo break slurer inurument. Source of water codd 10
ik be determined prever” ~aier intrsion
River Bend 1. LFR 458 88 05418 St Humman error Unkaown Review operator traiving on Rosemoonst anmiog
SWI10005. With unit »t full power, an P system
HPCS level 2 imitistion instrament was Verfy that procedures for placing inoperabie
deciared inoperable, and 13 associsted master manertiave (1P ats intc tnpead oomdition
P unit was placed in the tnpped condition are e e
per tech apecs. This aiso made inoperable an Review opermor traning oo FOUS and isalation
HPCS level 8 gdave 1D unit siso Jod from that instramentati . tech specs
muater inp unit. HFCS showld then have
bheen declared inoperable, but was st
§3 Injection Valve HPCS NPRDS, 372488 {18) Duning st Motor o erstor St saitches weee Adjusted kmit switches, Review PM program for safety meimed valve
Fuoos Fals 1o surveiliance test valve FONM motor operator out of adjustrment rerested operatcrs.
Open tripped on thermaad overdosd when strolang and retumed 10 service Venty analysis or trending of surveillance tewt
open. requits
for safety wluted valve opeston
HPCS NPRDS, 172188 (18] As found thrust RO Ovenongang sretched threads on Repaved coupling «at, wabve Review procedure for dissasersbly, (nspection, and
hoad on valve stem ewcoeded rated bovel Stem ser 10 di coupling nvt stem, and valve dix remsembly of safety relsted vahe
to disc coupling nut threads stretched and dise Revested and retumed 1o operaton
seating surface soored wrice
—=
Note | Abbrevist for deteas ethod are as follows
IST - Inservice Testing or Inservice Inspecti ST . Sorvetitance Testing §1 - Speciad Iapoction ALRM . or Vs alarm o7 anauoator
RO - Routine Observation OA - Operstional sboomatiry €M - Coreative maisd  ance M . Pn i
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No LERs were reported concerning the HPCS pump, however, experience on HPCl pumps has
indicated that time depend o wdation mechanisms such as fatigue, high stress, wear, and erosion
can lead to pump failure. ¢ most common pump failure mode was low injection flow [11].
Accordingly, HPCS pump surveillance testing and ASME X1 in-service testing would be the most likely
means of detecting HPCS pump problems.

The fourth category affecting failure of the HPCS pump to start and run is loss of 4160V AC
power to the Division 111 bus. The causes of Joss of AC power are quite diverse and are outsid: the
scope of this inspection guide. The special case of the HPCS (Mivision [11) diesel generator is disoussed
briefly in Section 6.2
52 HPCS Failure No. 2 - System Unavallable Due to Test or Maintenance Activities

In addition to component failures, the system may not be functional due to testing or
maintenance (T&M) activities. In a single train system like HPCS, test and maintenance activities on
one component usually disable the entire system. It is important to keep the time spent in HPCS T&M
activity as low as possible because of its direct contribution to system unavailability, This unavailability
is defined as the number of hours that the system is unavailable due to T&M activit . divided by the
number of hours the system is required to be operable,

The development of a plant specific system unavailability model and subsequent tracking of
unavailability trends is strongly recommended, since the variation in system unavailability from plant to
plant (even between seemingly similar plant designs operated by the same utility) can be significant (see
Reference [64] for an example of trending safety system function via risk-based performance indicators).
As a related example, while conducting an inspection of the Limerick Generating Station, Unit | [13],

Region | inspectors determined the HPCI Cycle 1 T&M unavailability was 6 4E-2 compared with a
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PP A assumption of 1.0E-2 using previous Peach Boitom experience Based on the inspector's finding,
the licensee began the development of a methodology for tracking a measure of the system total
unavailabilities and for evaluating, on an ongoing basis, the effects of increased unavailability on total
core damage trequency (CDF).

The root sources of excessive HPCS T&M unavailabiiity were examined as part of this operating
experience review. The 11 HPCS LER examples of test or m. citenance errors were divided into three
categories: 1 inadequate maintenance of post-maintenance testing (6 occurrences), 2 human error that
inadvertently or incorrectly disables the HPCS system (2 events), and 3) system inadvertently disabled
during testing activity (3 occurrences),

In eight of the LER events (73%) associated with T&M activities, the affected plants were
operating at power. The detection of the problems was by means of special reviews or inspectic s 45%
of the time, and by operational abnormalities or incidental observation 27% of the time. A similar
distribution of detection means and system status at the time or the occurrence was noted for six
NPRDS events in the T&M area,

In summary, the T&M component of system unavailability must be continuously monitored by
the inspector to assure it is as low as possible.  The licensee should be administratively limiting the
number of times that the HPCS system is in test or maintenance during operation. System restoration
should be vigorously pursued: HPCS should not be down for days, if it can reasonably be repaired in
hours. Whenever it is feasible, poriions of the system should be tested during outages. [n addition,
HPCS unavailability can also be minimized by adequate root cause analysis and effective corrective
action to prevent the recurrence of system outages due to the same types of failwres, and thorough,
efficicat work planning to avoid unnecessary removals from service or inadvertent system isolations

during calibration or surveillances.
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The HPCS pump suppression pool suction valve is o normally closed, motor operated valve
which is in series with the HPCS pump suppression pool suction check valve FO16 in the alternate
suction line to the HPCS pump, The HPCS pump is normally aligned to the CST via the CST suction
valve FOO1. Upon receipt of & low CST level signal or a high suppression pool level signal, the CST
suction valve FOO1 automatically closes and the suppression pool suction valve FOLS automatically
opens.  The importance of this HPCS failure mode has been diminished by the current emergency
procedure guidelines which emphasize the continued use of outside injection sources. This requires
operator action 1o bypass the HPCS suppression pool switchover logic to prevent the opening of the
suppression pool suction valve FO1S. This is especially true for the decay heat removal (non ATWS)
sequences where it is likely that the CST makeup can be maintained, There has been only one LER
noted in the industry survey for HPCS which involved the failure of the suppression pool suction valve

FO1S to open.

56 3 6 - i | ' i)

The Injection Stop Valve (FO38 in BWR/S or FO36 in BWR/6) is a locked open manual valve
in the HPCS injection line located within the drywell 1f the valve were 10 become plugged or somehow
closed mistakenly, HPCS injection could not take place,

There were no LERs or NPRDS events noted for this failure category in the HPCS industry
survey. Since it is located inside the drywell, the valve is not readily accessible to verify its locked open
position.  Position indicator lights are provided on the main control room reactor core cooling panel

P&l
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There have been no incidents noted in the HPCS operating experience survey in which the

normally locked open CST suction manual valve was plugged or improperly closed.

510 HPCS Fallure No. 10  CST Suction Valve F001 Fails Closed

The CST suction valve FOOL is a normally open, motor operated valve in the HPCS pump
suction line from the CST, downstream from the RCIC tap off. The primary source of water for the
HPCS system is usually the CST (LaSalle is an exception), upon system initiation FOOL opens
automatically provided the HPCS pump suction from suppression pool valve FOLS is not fully open.
FOO1 will close when POLS is fully open, and is prevented from opening when FOLS is fully open.

There were no LERs in the HPCS survey dealing with the CST suction valve FOO1 failing
closed. There was one related NPRDS incident (18] in which the valve would not open with the

handswitch, bul could be manualiy

511 HPCS Failure No. 11 - Pump Discharge Check Vaives (FU24 or FOOS) Fail 1o Open

There are two check valves in the HPCS injection line between the HPCS pump and the reactor
vessel. The first, pump discharge check valve FO24, is & conventional cheek valve and is located just
downstream of the HPCS pump. The other is the air operated testable check valve FO0S located within
the doywell in the injection line downstream from the HPCS injection valve FOO4 and upstream from
the normaily locked open HPCI injection manual stop valve.

In the event of & rupture just outside the drywell, the air testable check valve FOOS would act

to limit primary coolant loss. To enavle verification of valve operability, a pncumatic actuator is

attached 1o the valve dise pivot arm. The air actuator cannot prohibit dise opening. By encrgizing a




solenoid controlled air supply 1o the actuator, the valve can be forced o lift off its seat. A light on the

HPCS portion of the control room panel P601 verifies the operability of the stem.

There were no incidents of tailure of either check valve FOOS or FO24 10 open reported on
LERs. There was one incident reported to the NPRDS in which the testable check valve FOOS was
binding during surveillance testing Less than one quarter of the valve's full stroke could be attained.
512 HPCS Failure No. 12 - Suppression Pool Suction Check Valve FO16 Fails to Open

There were no reported failures of the suppression pool suction check valve FO16 1o open found

in either the LER data tase or NPRDS

513 o ¢ No. 13 . o

HPCS pump suction pressure is monitored in the main control room by a highlow pressure
alarm and with a local pressure indicator. There are no automatic actions associated with these
instruments. Note that the HPCS design minimizes inadvertent or false low suction pressure trips as
compared to HPCL in which the turbine/pump trip is automatic. HPCS design inserts an additional
step, e, operator incorrectly evaluates the alarm and trips HPCS pump. There were no LERs in this

category

514 HPCS Failure No. 14 - System Actuation Logic Fails

Startup and operation of the HPCS system is automatically initiated upon detection of either
low-low reactor vessel water level in the reactor vessel or high drywell pressure. The HPCS system can
also be manually initated by arming and then depressing the manual initiation switch in the control

room.




There were two LERs which described failures of HPCS low level initiation instrumentation,
and ten incidents related 1o fuilure of actuation logic instrumentation and controls identified in the
NPRDS [18].

Five of the fallures described in NPRDS were associated with the level transmitter which
initiates HPC1 upon low reactor water level, These oceurred between February 1988 and March 1990
and invoived Rosemount transmitters. There is & generic concern associated with Rosemount
transmitter< due 1o sensing element oil leakages that affect instrument accuracy.  In February 1989,
Rosemount issued a Part 21 notification concerning the loss of oll problem in sensing cells of some of

their Mode! No. 1153 and 1154 transmitters

$.15  MPCS Failure No 13 - Suction Straines Fails 1o Pass Flow

A suction strainer is located within the suppression pool at the source of the HPCS suppression
pool suction line. The strainer is located off the bottom of the suppression pool to reduce the possibility
of clugging by sediments which inevitably collect on the suppression pool hottom, The strainer mesh
is designed to prevent passage of particles which are large enough to cause clogging of the HPCS
sparger nozzles, and the strainer area is oversized so that even with 50% of its surface blocked, the
minimum required net positive suction head will be provided to the HPCS pump.

There were no reports of failure of the HPCS suction strainer 1o pass flow in either the LER

search or the NPRDS data hase,

As discussed earlier in this section, the total industry operating experience accumulated thus far
is still somewhat limited because the plants have not been operating that long. Nevertheless, the PRA-

based prioritization of HPCS failures correlates well with the cotual industry failure experience. Two
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salient exceptions within the LER data base are HPCS Failure No. 7 - minimum flow valve FO12 fails

1o open, and MPCS Failure No. 14 « system actuation Jogic fails. These were designated as "medium’
and "low" risk importance respectively in the PRA-based ranking developed in Section 4. The NPRDS
data corroborated the larger number of problems associated with HPCS Fallures Nos 7 and 14 in the
LER data. As more HPCS operating experience is gained, the operating experience review will be

updated to reflect the long term trends







5. Operator recovery from initial failure of HPCS.

6. Miscalibration of HPCS sensor(s) disables system actuation, high RPV level isolation or results

in false isolation signals.

7. Failure 1o reset the HPCS system for operation after testing or maintenance.

With the exception of the last two entries, these human errors are either: (a) conditional, that
is, tney must be considered within the context of an HPCS failure or isolation (errors 1 and 2), or (b)
event specific (items 3, 4 or 5). These requiremer ts make direct observation unlikely. The potential for
these human errors car be evaluated indire~ly by a review of the liccasee procedures, operator training

program, and observation of operator performance at a simulator

The last two human errors can oceur during normal operation and are therefore more inspectable.
Resident Inspectors routinely examine surveillance, calibration and maintenance practices and proce-
dures, and perform ECCS contrc! room and plant lineup verifications. HPCS operability is confirmed
by checking the pump suction and discharge lincups, and the control function settings (hand/auto sta-

tion in automatic).

There is & second source of human error that is not readily discernible in most risk assessments
because it is not considersd as a separate failure. It is the human contribution to component unavail-
ability. The component failure estimates are developed from plant specific experience, if enough data
exists, or from other, more generic, data sources. In either case, the unavailability estimate of 4 standby
component is based on the number of failares mer tov  wemands. This estimate inherently includes all

failures caused by human error. Based on the operating experience review, it is estimated that nearly
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half of the HPCS LER failures have & human error contribution. The more unusual human errors have

been included with the illustrative examples of Section §.

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 HPCS unavailability that is due
to human error. In the reactive mode. a thorough root cause analysis and suitable corrective measures

can prevent similar occurrences in the future.

6.2 HPCS Support Systems

The high pressure core spray system is dependent on other systems (support systems) for success-
ful operation. These systems inciuae.

AC Power: For HPCS injection pump, keep fill pump, and valve movement. Loss of off-site
power requires HPCS (Division 111) Diesel Generator and its support systems:
fuel oil, jacket cooling water, lube oil, starting air, DC control power, room
cooling

DT Power: For system control (125V DC)

Condensate Storage (CST)
and Transfer System: Primary source for injection and system flushing.

Suppression Pool: Alternate source for injection and discharge reservoir for minimum flow and
test pathways.

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

1 'CS Actuation: RPV level and primary containment pressure instrumentation for sysiem initia-

tion and shutdown.
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‘ihe Condensate Storage Tank (CST) and Suppression Pool, as the primary and alternate sources
for HPCS injection, are an integral part of system functional success. A sufficient volume of water is
maintai ¢ in them as required by Technical Specifications to assure an adequate supply for emergency
core cooling systems such as HPCS and RCIC. In accident sequences requiring extended use of HPCS,
the condensate transfer system ot other means of replenishing the CST water volume such as fire water
pumps can be more important.

The compressed air or nitrcgen system is often considered an HPCS support system since it
provides compressed air to the pneumatic actuator of the testable check valve FOOS. 1t is not required
for successful operatic  of the HPCS system, however, since it supports a test function to verify valve
opetability,

6.2.1 HPCS Diesel Generator (DG) and Division 111 AC Power

AC power is critical to the success of HPCS operation which utilizes a single 4160V AC motor-
driven pump and 480V AC motor-operated valves. HPCS is a Division 111 electrical system which is
usually supplied via normal off-site AC power. This source is backed up by the Division 111 HPCS
diesel generator.

Inspection of the off-site power system and the Dy ision 111 (HPCS) diesel generator lie outsiae
the scope of this inspection guide. Many detailed studies have been performed specifically for these
components, particularly in the area of reliability/availability of en.ergency diesel generators at nuclear
power stations, and include guidelines for on-site inspections [22]. Inspectors should consult these
documents for inspections concentrating on off-sitc power systems and emergency diesel generators.
A proposed inspection plan for diesel [ “nerators at nuclear power plants is provided in Appendix B [22]
as a guideline for those inspectors who wish to investigate aspects of the ‘CS diesel generator in more

detail.




6.2.2 Division 11 DC Power

The Division 111 HPCS DC Distribution System is an independent 125 volt DC system consisting
of a battery, one or more static battery chargers (one preferred and one back-up), and a DC panel-
board. The HPCS DC Distribution system supplies HPCS Equipment and is physically separated from
Division 1 and 11 10 provide the utmost reliability  Figure 61 illustrates this configuration.

During normal operation, all load current required by the system is supplied by the charger with
the battery fully charged and on float. The battery will only supply current to the HPCS DC Bus when
larger loads are started. On loss of all AC power to the chargers, the battery is sized 1o provide power
to all HPCS DC loads for at least 2 hours

AC power outages should only be of short duration as the chargers are fed from the Division 111

A€ Bus and will be re-energized when the HPCS-diesel starts and re-energizes the Division 111 A€ Bus,
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Figure 6-1. LaSalle County Station, Unit 1, 128V DC ESF Division 1L
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6.2.3 Roorm Cooling and Ventilation

The etiect that the loss of room cooling would have upon continued operation of the HFCS
system is not as straightforward as the previously discussed support systems. Since HPCS and all i
suxiliaries and support systems are powered from the same bus, power to the HPCS buses would imply
power to the cooling units and fans.  Loss of an individual cooler or fan while HPCS injection contin-
ued would be confined to individual equipment failures or feeder faults. The licensee hould have
evaluated the effects of temperature on long-term operation of HPCS upon loss of room cooling and
have procedural provisions instituted as required 1o assure long-term HPCS operability.
6.2.4 System Actuation Instrumentation

The reactor pressure vessel level and high drywell pressure instrumentation required 10 actuste
multiple ECCS functions via the Rosemount S10DUTIODU Trip/Calibration System s shared by
HPCS. Consequently, the operating experience review specifically for HPCS revealed only a few inci-
dents involving actuation instrumentation, and these have been discussed previously in Section 514,

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

Systems interactions refer to failurey or problems arising in other plant systems unrelated o
HPCS that can result in the disabling of HPCS. There were no specific examples of this in the HPCS
operating experience review. However, an operating experience review covering 1980 1o mid- 1989 for
HPCI, a system which has accumulated a much more extensive amount of operating time than HPCS,
did have some system interaction incidents that are applicable to HPCS. All of these were fire protec-

tion system malfunctions that disabled HPCL
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There was one event ot River Bend (LER 458 86 054/DCS 870312009¢) involving HPCS and the
snalog teip system which highlights an area with the potontial for adverse system interactions. In that
case, i level 2 HPCS initiation instrument was declared inoperable, and its master trip unit was placed
into the tripped condition per Technical Specifications. 1t was not until later on that the operators
realized that the samie master trip unit controlled an HPCS level 8 slave trip unit, which therefore made
the level B slave unit inoperable as well, HPCS should then heve been declared inoperable as well,
Licensee procedures and training should demonstrate an awarensis that the analog trip system master
trip units can affect multiple systems and funeti-ns via slave trip units, and that incidents involving loss
of power, restoration of pawer, and system power fuse replucement for the analog trip system cabinet
potentially can impact several unreloted systems at the same time.

64 Simultancous Unavailability of Multiple Systems

Multiple system unavailability s of concern because of the increased risk associated with contin:
wed aperation and the increased common-cause potential it may imply [65). Although Technical Speci-
fication .03 tends to limit the risk exposure somewhat, the licensee should avoid planned multiple
system outages, if possible. The operating experience review of HPCS LERs identified seven incidents
involving simultaneous unavailability of multiple ECCS systems.

Within the context of the accident sequences discussed previously (Section 3), certain combina-
tions of system unavailability result in a much greater risk of core damage. Among the seven LERs
mentioned above, cue of the incidents at Clinton (LER 461 89 041/DCS %001250005) reported the
simultaneous unavailability of HPCS and RCIC. During this period, the probability of core damage is
greatly increased for accident sequences thar require HPCS and RCIC for mitigation.  This would
include all the sequences deseribed in the Accident Sequence Descriptions except “Unisolated LOCA
Outside Containment.”

Most of these LER examples of multiple system unavailability were initiated by one or more

random failures, and often folloving licensee decisions to remove a system from service for mainte-
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nance or surveillance when another critical system is not operable. Five of the seven LERs also in-
volved some type of human error, attributable 1o inexperience, unfailiarity with Technical Specifica-
tions, and procedural inadequacies  Nevertheless, plant configurations involving simultancous multiple
system inoperability, particularly the configurations mentioned, should be avoided unless absolutely
necessary since habitual entry into Technical Specification 3.0.3 greatly iucreases the risk of core dam-
age.

65  Yaulve Fallures in High Pressure Injection Systems

Many of the valve failures encountered in the HPCS or HPCI Systems whether they involve the
pump discharge valve, the minimum flow valve, the turbine steam admission valve, etc. can he consid-
ered generic, L.¢., not related 10 a specific application. Table 61 presents & summary of generic valve
fallures gleaned from the operating experience reviews for HPCS and HPCL A failure description, root
cause and corrective action is provided for information and potential inspection applications.

It is worth noting that a recent study entitled "Aging Study of Boiling Water Reactor High Pres-
sure Injrction Systems' [Reference 11] reported that valves and valve operators made up more than
28% of all HPCI failures and nearly 29% of HPCS failures in the LER database. In the NPRDS data-
base, the study found that valve and valve operators made up over 44% of HPCI failures and more than
27% of HPCS failures (see Figure 6-2).

References [24-30] provide additional information on generic valve failures.

66  LOCA Outside Containment

Unlike the HPCS failures of Section § which describe the unavailability of the system for core
damage mitigation, events have occurred where the high pressure injection system is a potential initiator
of a LOCA outside containment. There were two LER incidents involving the HPCI system, in which
inadvertent pressurizations of the system low pressure piping occurred. Due to the similarities of the
discharge portions of the HPCS system and the HPCI system, the potential of this type o€ mishap also

exists for HPCS.
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Tabie 6-1 Summary of Generic Valve Falures - HPOEHPCS

Fadure Desaption

HPCY, LER 324 87 0UDCS 305130181,
Brunswick 2 - Pusap discharge valve
Fasled To Open after scram

Faslure attrbuted 1o possihie
hest related bresudown of valve
motow internals

Valve motor repisced.

HPCYL. LER 298 8% 011/DCS 891126050,
Tooper - Min flow salve moperable due
10 damaged moior starter dsconnect
switch.

Seitch damage resubted from
owver-travel of the operating
handie due 1o poor swiich design

HPCT, 1ER 293 29 0131DCS ROOSOMNNE,
Piigrim - Torine steam admission valve

Faled To Open Valve operator motor

windimgs fasded

Torgue swatch adjustment screws

| Jonse winch affected the torJue

setting and damaged the vaive

HPCS, NPRDS [18), B389 - Test vaive
to suppression pool stopped 2t 25% open
during survesliance test wath plant at
100°% power

Dirty contacts on the torgue

HPCS, NPRDS [18]. 32888 - Imection

Limat switches were out of

valve motor operator tnpped on therasl adyustment swilch opens 1o stop valve

overioad when going to open between 60 - DR of travel =
open position 10 prevent
overload n backsest position.

HPCS, NPRDS (18], 71786 - Test retuen | Open howt switch was iripgeng Lrmit switches were adjusted to

valve 10 the CST would not return to full
apen position as indicated on both local

prar 1o the towque swatches
during opensng of vaive Position

an | remote indicators wath nlant ar 80 ndicators were grang faise mdicators were adiusted

powST. reading when valve was closed

HPCS, NPRDS 18], 271689 - Worn shaft chuich gear assembly | Replaced entire clutck assembiy | Licensee notified the
Suppression pood suchon vaive would nat | fell apart due 10 russing splt and worn shafl  Rewsed manufactorer,
operate vis the moter Moioy ran but spacer winch acts as a seat for provedures to mspect sssembly Limmtowque . of possible
vatve wostidnt mowe shafl set screws Spacer was med | and re-stake set screws of QC deficiences (10 CFR

mstailed during manuiacturmg

Part 21 Repowt)

1 s unciear i the corrective action addressed the ot crose
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Tabie 6-1 Summary of Generic Valve Failmres - HPOYHPCS (Cont'd)

Fatlure Description

HPCS, NPRUS (18] 4/2287 - Test bypass
o suppwession ool valve would act stay
torgued into ns seat when cdowed
electrically durmg normal operstron

HPCOL LER 2% 87 M7DCS RER 0227,
Browns Ferry 1 - Sappression pool

Vaive disk and shaft comnected
by a key winch = held m place by

mspected  Valves were

Eqguipme s Inc hand

suction kne manual valve stem separated | 2 cover secured by foar bolts scheduled for mspection and control valve
from the disk Three bolts fasied due 10 tensile testing durmg the next refociing
overtoad outage
HPCS, NPRDS [18]. 77189 - Test return | Gasket between motor and Repiaced gaskets between motor
valve to the CST had an oil leak af the motor aperator had detersorated | and cluich housing
mating surlace between the motor and due to Faown causes.
mator operstor.
HPCE, LER 254 37 (04/DCS 8703350497 | Siight discbody nuisshgnment Open bt switch sdyusted o

Quad Oines 1 - CST suction valve fasled
to fuliv dose Juring testing

ocoarred cower ime due 10
horizontal valve mounting,
Incyeased resistance caused
torgue swaich fo stop closure

valve did not open quite ss far

HPCS, NPRDS (18], 46388 - Licenses Valve seat was dirty and the Valve internais were cleaned,
unable 1o estabhsh p,essure boundary flexitalic gasket was spitt as & gasket was replaced and valve
during lesk rate testing of discharge 1o result of agrng and cvclic fatigwe | retested
suppression poot valve.
HPCS, NPRDS [18], 102157 - Duning Valve seat and disc had stress Vaive seat and dinc cleaned. disc
HPCS system venting and filling while cracks as a result of moorrect remnstalled 1807 rotated from
unil was s a refuching outage the torgue switch sethngs whach orypnal postiion and Blue
mimmum fow valve was leaking by when | incoreased stem threst higher than | checked” PLIRT successfully
the valve was closed mecessary In seat the vaive performed  Torgue swatches
adusied to lower equivalent stem
thrust to O to 1300 roands
HPCS, NPRDS [18], 6/SR7 - Licensee Worn packng Valve was replaced duzing next
health phvsicist found paclung leak from refuching outage. leak tested, and

sachon valve from CST was causing a
spread of contamunation

stroke time tested
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Table 6-1 Summary of Genene Vatve Falares - HPCUHPCS (Cont'd)

Fariwre Descriptoon

HPCS, NPRDS [18], /19 - fmjection
stop valve was found leaking durmg
normal operator rounds.

Mechamcal
Dramage Binding

HPCS, NPRDS [18], 127886 - Imection
valve was binding n the intermediate
position causing cirouit breaker to tnp

HPCS, NPRDS [18], 12888 - Broken
valve yoke was discovered on the second
test return valve to the OST (1E22F011)

HPOS, NPRDS (18], 12188 - As found
thrust load on the valve siem of the
descharge soiabon valve exceeded rated
jevels

Stem to disc coupling mst threads
were stretched due to
soored due to normal wear

infierential
Pressure Acyoss
The Vaive

HPCT, LER 265 8% @2VDOCS 86613000619,
Cuad Citses 2 - Containment Isolation
Valve failed 10 open (FTO) afler packing
replaced

Large differential pressure
crested a ugh torgue condition
rero delta P and opened

HPCS, LER 373 83 66DCS 8307220193
and LER 373 83 067/DCS 8307220201,
LaSalle 1 - Testable check valve 1#22-
X {anied 1o dose due to fatlure of s
bypass valve 1E22-F3%4 1o close
preventing & dfferential dosing force to
seal the valve

—-

insufficent sprin tension of the
actuator assenshy, for the bypass
vaive 1E22-53% 10 dose the




e i —

More recently, (October 31, 1989) Dresden 2 declared HPCT inoperable due to elevated piping
temperatures in the pump discharge line. The 260°F temperature was caused by feedwater buck leakage
through the closed injection valves. Discharge piping supports were damaged, attributable to water-
hammer 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. Informution Notice 89-36 [32] provides
additional information on elevated ECCS piping temperature.

In general, the high pressure injection systems LOCA outside containment initistor is a very small
contributor to total core damage. The examples presented above are potential arcas of inspection to

assure that plant design or operation does not increase the potential for this initiator.
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Table 7-1. HPCS Systern RIG Summary

All BWRS & BWRE Plans Plant Speaific Summarny’
Failure Description % of Towal % of Total Falure Number % of LER
LER Failure NPRDS Raoking' | of LER Fadure
Contribation’ Failure Fallures | Contribution
Contribution’
Pump Falls 1o Start or Run 130 113 | b
System Unevailable Due 1o LRl i3 3
Test & Maintenance
Injeetion Vaive FOO4 Fails 0 94 3
10 Open
ST Suppression Pool 41 151 1
Switchover Logic Fails
Suppression Pool Suction ) 0 $ N
Valve FO1S Fails 1o Open
Minimum Flow Valve FOI2 178 % 6 6
Fails 10 Opeq
Manual Injection Line Siop @ 0 7
Valve is Plugged/Closed
C87T Suction Check Valve 0 ] 8
P02 Fails 1o Open
CST Suction Manual Valve 43 0 U]
i Plugged/Closed
CST Suction Vaive P01 Q 19 10
Fauls Closed
Pump Discharge Valves 0 19 1
P4 o FOOS Fail 10 Open
System Actustion Loge L LR 12
Fails
Suppression Pool Suction 0 (U i}
Check Valve FOIG Fails 10
Open
False Low Suction Pressure ] 19 14

Manuat Trip

Suction Strainer Fails to
Pass Flow

0

-
£

3




Table 7-1 Notes

Failure contribution is expresseu as a percentage of all significant HPCS LER failures as developed
by the Operating Experience Reviow. Current up through mid- 1990,

Failure contribution is expressed as a percentage of all significant related or precursor HPCS
failures on NPRDS. Current up through 10/1/90,

Failure ranking is a subjective prioritization based on PRA and operational input, : scovery poten-
tial, current accident management philosophy and conditional failures, as applicabic.

The plant specific summary is to be completed by the inspector initially usisig the LERs provided
in Table 5-1, and updated periadically with any additional LER events that may have occurred in
the various categories. Categories with significantly higher failure contribution percentages than
the industry experience are candidates for enhanced inspection attention.

Loss of offsite power and failure of the Division 111 (HPCS) diese! geneiator to start and run or
loss of the Division 111 bus would also result in failure of the HPCS pump to start and run. How-
ever, these events are beyond the scope of the operating experience review for this inspection
guide.

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

The actuation logic arrangement (one out-of-two twice) diminishes the importance of a single
instrument 1o reliable system operation. At least two low RPV level or two high drywell pressure
sensors must fail. As shown in Section 5, unavailability is more dependent on control power.

The latest BWROG Emergency Procedure Guidelines deemphasize the suppression pool as an
injection source.
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36. Niagara Mohawk Company letter, C.V. Mangan to the NRC (R.W. Starostecki), "Problem Con-
cerning HPCS Battery Terminations,” February 22, 1985,

37, Gulf States Utiities Company letter, J.E. Booker to the NRC (R.D. Martin), "Final Report DR-
222 Voltage Grop in 125 Vdc Cables," May 16, 1985,

38, Technical Report A-3875.T4-2, "Quad-Cities Station, Units 1 and 2, High Pressure Coolant Injec-
tion System Risk-Based Inspection Guide," July 1990,

39 Clinton Power Station, Hlinois Power Company, Final Safety Analysis Report (NRC Docket No.
50-461), Sections 6.3 and 8.3, Amendment 32, December 1984,

40. LaSalle County Station Urits | and 2, Commonwealth Edison Company, Updated Final Safety
Analysis Report (NRC Docket Nos, 50-373 and 50-374), Sections 6.3, 7.3, 8.1, and 8.3, Amendme*
64, March 1984

41. LaSalle County Station Units 1 and 2, Commonwealth Edison Company, "High Pressure Core
Spray System Operability Test," Procedure LCS-HP-MI, Revision 6, Novewber 17, 1986,

42. LxSalle County Station Units 1 and 2, Commonwealth Edison Company, LaSalle €/stem Descrip-
uon Chapter 35, "High Pressure Core Spray (HP) (E22)," Revision 2, June 1988,

43 LaSalle County Station Units | and 2, Commonwealth Edison Company, "Filling and Venting the
High Pressure Core Spray System,” Procedure LOP-HP-01, Revision 7, February 13, 1986,

44. LaSalle County Station Units | and 2, Commonwealth Edison Company, "Preparation for Standby
Operation of High Pressure Core Spray System (HPCS)," trocedure LOP-HP-03, Revision 8,
November 17, 1986

45, LaSalle County Station Unit 1, Commonwealin Edison Compuny, Drawing No. M-95, “P&ID High
Pressure Core Spray (HPCS)," Revision AA, March 1, 1988,

46. LaSalle County Station Unit 1, Commonwealth Edison Company, Facility Operating License Ap-
pendix A, Technical Specifications, Sections 3/4.5.1, 3/4.5.2, and 34 5.3, Amendment No. 59.

47. Perry Nuclear Power Plant, The Cleveland Electric Nluminating Company, Final Safety . .aalysis
Report (NRC Docket Nos, 50-440 and 50-441), Sections 3.11, 6.3, 73, and 8.3, Amendment 17,
March 1985.

48. Nine Mile Point Nuclear Station Unit 2, Niagara Mohawk Power Corposation, Operating Proce-
dure No. N2-OP-33, "High Pressure Cove Spray System,” Revision 4, September 28, 1989,

49 Nine Mile Point Nuclear Station Unit 2, Niagara Mohawk Power Corporation, Facility Operating
License Appendix A, Techmical Specifications, Sections 34 5.1 and 3452

50. Nine Mile Point Nuclear Station Unit 2, Niagare Mohawk Power Corporation, Operations Tech-
nology Lesson Plan, "High Pressure Core Spray,” Chapter 12-CSH, Revision 5, May 29, 1990,
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52.

53.

54.
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56

7.

58,
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60

61,

65.

Nine Mile Point Nuclear Station Unit 2, Niagara Mohawk Power Corporation, Operating Proce-
dure No. N2-OP-74B, "HPCS 125V DC System," Revision 2, September 12, 1988,

Nine Mile Point Nuclear Station Unit 2, Niagara Mohawk Power Corporation, Unit 11 Operations
Lesson Plan No. N2-OLP-12, "High Pressure Core Spray," Revision 4, April 7, 1988

River Bend Station, Gulf States Utilities Company, Station Operating Procedure No, SOP-0030,
"High Pressure Core Spray (Sys 203)," Revision 6, 8/16/89,

River Bend Station, Gulf States Utilities Company, Nuclear Training Department Licensed Opera-
tor Training Manual (LOTM), Document LOTM-18, "High Pressure Core Spray (HPCS) System,”
Revision 3, 6/22/89.

River Bend Unit 1, Gulf States Utilities Company, Drawing No. PID-27-4A, "Engineering P&
Diagram-System 203-HPCS System," Revision 15, 11/8/89.

Washington Nuclear Plant No. 2, Washirgton Public Power Supply System, Drawing No. M520,
"Flow Diagram-HPCS and LPCS Systems-Reactor Building," Revision 53, 8/20/86.

Washington Nuclear Plant Ne. 2, Washington Public Power Supply System, System Operating
Procedure No. *2.4.4, "High Pressure Core Spray Sysiem,” Revision 4, 11/10/86.

Washington Nuclear Plant No. 2, Washington Public Power Supply System, Final Safety Analysis
Report (NRC Docket No. 50-397), Sections 6.3 and 7.3, Amendment 37, August 1986.

Washington Nuclear Plant No. 2, Washington Public Power Supply System, WNP-2 Systems Train-
ing Handout No. 82-RSY-0902-T3, "High Pressure Core Spray System (HPCS)," June 1986,

Grand Gulf Nuclear Staticn, Mississippi Power and Light Company, System Description No. SD-
E22, "High Pressure Core Spray (HPCS) System," Revision 2.

Grand Gulf Nuclear Station, Mississippi Power and Light Company, System Operating Instruction
No. (4-1-01-E22-1, "High Pressure Core Spray System,” Revision 22, 1/8/87.

. Grand Gulf Nuclear Station, Mississippi Power and Light Company, System Operating Instruction

No. 04-1-01-R21-2, "4.16/6.9KV System," Revision 17, 12/9/86.

. Grand Gulf Nuclear Station, Mississippi Power and Light Company, System Description No. SD-

R21/P75/P81, "Engincered Safety Feaiure Power Distribution,” Kevision 0, Innuary 1979,

NUREG/CR-5323, "Validation of Risk-Based Performance Indicators: Safety System Function
Trends," J.L. Boccio et al, Brookhaven National Laboratory, October 1984,

NUREG/CR-5641 (draft), "Study of Operational Risk-Based Configuration Control," P.K. Samanta
et al., Brookhaven National Laboratory, September 1990.
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Table A.1-1 Modified HPCS System Walkdown - Clinton Power Station

L Electrical Lineup

Breaker 1D No./Description

Laocation

Required Posiion | Actual Position

1E22-C001 HPCS Pump

4160VAC Bus 1C1 CUB 1M

Racked In

TE22-0003 HPCS Water Leg Pump

AB MCC 1C CUB 2C

On

l 1E22-FOO1 Storage Tank Suction Valve

AB MCC 1C CUB 2D

On

1E22-FO10 First Test Valve to RCIC Storage
Tunk

AB McC 1C CUB 3D

1E22F011 Second Test Valve to RCIC Stor-
age Tank

AB MOC 1 CUB AE

TE22-FO12 Min. Flow to Supp. Pool Valve

AB MCC 1C CUB 4B

TE22.FO1S Supp  Pool Pump Soction Valve

AR MCC 1C CUB 4C

LE22-F023 HPCS Test Valve to Supp. Pool

AB MCC 1C CUB 4D

g
- 1

1E22.F004 HPCS 1o Containment Qutboard AB MCC 1C CUR 2B On
sl Valve :
HPCS Area 120VAC AB MCC 1C CUB 3AR; On
125 VDC MCC 1C Supply from Division 3 125 VDO MCC 1C (CB-6) On
125 VDC Battery

Diasion 3 125 VDO Bus Supply from 125 128 VDC MOC 1C (CB8) On
VDO MCC 10

416 KV Swilchgear Bus 1C1 Breaker Contral | 135 VDO (CB-11) On
Power

Control Room Panel 11 13-Po0] 128 VDO (TR-17) On
NSPS Div. 3 Logie, Test, and Xnitr Power NSPS Power Distr. Panel € | On
Supply 1H12-P603 (CT1-P0IC) (CB-7)

Logic, Test, and Xmitr Power Supply 1H 13-
Phaa

NSPS Power Distr Panel D
(C71-PO0IR; {CB-17)

On h

ECCS HPCS Pump Room Supply Fan A
{IVYOSCA)

AR MCC ICT (1AP7RE)

On I f

ECCS HPCS Pump Room Supply Fan B
(IVYORCH)

AR MCC 1CT (1APTRE)

Al-3
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Table A.1-1 Modified HPCS System Walkdown - Clinton Power Station (Cont'd.)

I Valve Lineup

1E22-FO01

Suction

(HP Cuh)

Valve 1D No. | Description Location Required Posi- Action Position
uan

MOV HPCS Suppression Pool Control Room Panel THI3-Po01 | Closed
1E22-F01% Suction (HP Cub)
MOV HPCY Pump Minimum Contiol Room Panel TH13P601 | Qlosed
E22-F012 Flow to Suppr. Pool (HP Cub)

5
MOV HICS 10 Comaimment Control Room Panel TH13-P60) | Qlosed
1E22-F004 Outboard Isolation {Fuel Blag., 758
MOV HPCS Test to Suppres- Control Rpom Panel THI13-P601 | Closed
1E2-F23 sion Pool (HP Cub)
MOV HPCS First Test Valve Contral Room Panel 1H13-P601 | Closed
1E22-FO10 RCIC Storage Tank {HP Cub)
MOV HPOS Second Test Valve | Control Room Panel 1H13-P601 | Qlosed
LE22-F011 ROWC Storage Tank (HP Cub)
AQV HPCS Testable Check Conirol Room Panel THI13-P60Y | Closed
1E22.FO0S {Drywell, 775"
MOV HPCS Storage Tank Contral Room Panel 1H13-P601 | Open

1E22.F034

HPCS Water Leg Pump
Suction [solation

=
—
"

Fuel Bidg .

Locked Open

’ 1E22-Fota

HPCS Water Leg Pump
Discharge Stop Check

Fuel Bidg.. 712

Locked Open

Tpm—m——

Sicle Instrument Root for
FT-1E22-NOOS & NOS4

1E22-F323 HPCS Pump Suction Puel Budg., 712 Open
Pressure justroment Koot

1H32.F325 HPCS Pump Discharge Fuel Bldg . 712 Open
Pressure Instrument Root

TE22-FI34A HPOS Pump Flow High Fuel Bidg., 712’ Open
Side Instrument Root for
FT-1E2-NOOS & NOS6

1E22-4 324 HPCS Pump Flow Low fuel Bldg., 712 Open

Instrunent Root

1E22-F3 14 HPCS Suction [solation Fuel Bidg., 712 Lixcked Open
from Suppr. Pool

FE22-1°329 Suppression Pool Level Fuel Bidg., 737 Open
Instrument Root

1E22F AN Suppression Pool Level Fuel idg., 712 Open

.-

Al






Table A 1-1 Modified HPCS System Walkdown - Clinton Power Station {Cont'd.)
HPCS Diesei Generator

et I R TEEYe-e Y :.-_‘._,—.-.]

Refer to Table B-1, “Proposed Inspection Plan for Diesel Generators at Nuclear Power Plants.”
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AFPENDIX A2

LaSalle County 5 A | & 2 HPCUS
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Table A2-1 Modified HPCS System Walkdown - LaSalle Country Station Unit 1

L Electrical Lineup

Breaker 1D NooDescription Location Required Position | Actual
Position

1E22 Q001 HPCS Pump Bus 143 CUB 004 Racked In

1522-58003 HPCS Transformer to MCC 145-] Bus 143 CUB 008 Racked In

1EL -CO003 Standby Water Leg Pump MCC-143-1 CUB 2C | On

1E22-FO01 Cond. Strage Tank Suction Pump Valve, - JC.143-1 CUB 2D | On

1E22-FOI0 Full Flow Test Upstream Stop to CST MCC-143- CUB 2E | On

1§:22-F011 Full Flow Test Diownstream Stop to CST | MCC-143-1 CUB 3A | On

1E22-FO12 Supp. Pool Min. Flow Bypass Stop MCC-143-1 CUB 3B | On

1E22-FO15 Supp. Pool Pump Suction Valve MCC.143-1 CUB 3C | On

it 1E22-F023 Full Flow Test Stop to Supp. Pool MOC-143-1 CUB 3D | On

1VY02C HPCS Pump Room Ventlation Arca MCC-143-1 CUH 6B On

Cooler Supply Fan

1E22-FOO4 HPCS Imjection Dhischarge Stop MCC-143.1 CUB 7C | On

HPCS Instrument Power MCC-143-1 CUB 2A | On

Bus 113 Supply from U-1 Battery 125 VDC Bus 113 On
(CB-6)

Bus 113 Alternate Supply from U-2 Battery 135 VDC Bus 113 Off
(CB-T)

Switchgear 143 Breaker Control Power 125 VDC Bus 113 On
(UB-11)

Panel 1H13-P62S HPCS Relay Logic and Pump 125 VDC Bus 113 On

Motor Control (CB-16;

Control Room Panel 1H13-P601 Valve Posaon Ind. | 129 VDC Bux 113 On

e

(CB-17)

3
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Table A.2-1 Modificd HPCS System Walkdown - LaSalle Country Station Unit 1 (Cont'd)

1L Valve Lineup

i
Valve 1D No, Description Location Required Position Actual Position
MG HPCS Pump Suction | Control Room Panel | Open
1E22-p01 8 from Suppression iHi3-Po0l (EL 673 (Note 1)
Pool R Bldg. South of
Supp. Pool)
MO HPCS Pump Control Room Panel | Closed
1E22-Fo12 Minimum Flow Stop | 1H13.Ps01 (ElL 673
Rx. Bldg. South of
Supp. Pool)
MO HPCS Injection Stop | Contrel Ruowm Panel Closed
TE22-FiMd 1H13-Pe01 (EL 761
Rx. Bldg. Above & 10
the Side of C1D
Filters)
MO HPCS Test Control Room Panel Closed
1E22-F023 Discharge to 1H13-Po01 (EL 694'-
Suppression Pool 6" Rx. Bldg. South of
Supp. Pool)
MO HIPCS Test Control Room Panel Closed
1E22-¥010 Discharge to CST THI3Ps01 (EL 694«
“astreem Stop 6" Rx. Bldg. South of
Supp. Poal)
| a
MO HPCS Test Control Room Punel Closed
1E22- 611 Discharge 1o CST 1H13-Peby (EL 694
Downstream Stog 6" R Bidg. South of
Supp. Poc:,
AO HPCS Testable Control Room Panel Closed
1E22-F08 Check 1H13-Pe01
MO HPCS Pump Suction | Control Koom Panel Closed
1E22-F001 from CST 1H13.Poil (EL 67Y (Note 1,
Rx. Bidg. South of
Supp. Pool)
1E22.F0d4 HPCS Water Leg HPCS Room 67) Open
Pump Suction Step Level
1WI2-Fodon HPCS Water Leg HPCS Room 671 Open
Pump Discharge Level
Stop
MOTE: 1. Suppression nool i« - ¢ preferred HPCS source at LaSalle due to the biological corrosion

problem discussed in Section 5.9

A2-4
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Table A.2-1 Modified HPCS System Walkdown - LaSalle Country Station

e e o R

Unit 1 (Cont'd)

Valve 1D No, Description Location
1E22-F343 HPCS Pump Suction | HPCS Room 673
Pressure Instrument Level
Root for PS-1E22-
NOO3 & ROOY
1£22-¥332 HPCS Pump HPCS Room 673 Open
Discharge Pressure Level
Instrument Root for
PS-1E22-NOIZAR &
PT-1E22-NOO4
1E22-F344 HPCS Pump HPCS Room 673 Open
Discharge Pressure Level
Iastrument Root for
PIS-1E22-N013
1E22-F330 HPCS Pump Flow HPCS 673 Level Open
High Side South of Supp. Pool
Instrument Root for
FTIE22NOOS &
N
1E22-F331 JAPCS Pumip Flow HPCS 673 Level Open
Low Side Instrument | South of Supp. Poul
Root for FT-1¥22-
NOOS & NOOO
1E22-F328 Suppression Pool SW Rx. Bidg. 695 Open
Water Level Lavel
Tostrument Root for
LSHALE22-NOO2A &
NOOZB
1E22-F329 Suppression Pool SW Rx. Ridg, 698’ Open
Water Level Level
Instrument Root for
LSHAE22-NOOZA &
NOOZR
1E22-FIN8 Instrument Test Stap | S.W, Rx. Bidg. 695 focked Closed
for LAH-1EZ2NOO2A | Level in Raceway
& NOO2B aguinst Supp. Yool
1E22.F389 Instrument Test Stop | S.W. Rx. Bldg. 698 Closed
for LSH-TE22-NOO2ZA | Level in Raceway
& NOO2B Against Supp. Pool
1E22-F39%0 Instrument Test Stop | S.W. Rx. Ridg. 695 Laocked Closed
for LSH-LEQ2-NOOZA | Level in Raceway
& NOO2B against Supp. Pool
1E22-8391 fastroment Test Stop | S W, Rx. Bldg. 69¢ Closed

for LSH-1E22 NOOZA
& NOOIB

Level in Ruceway
against Supp. Pool

e






Table AZ-1 Maodified HPCS System Walkdown - LaSalle Country Station Unit 1 (Cont'd)
11 HPCS DIESEL. GENERATOR 1B

Refer to Table B-1, "Proposed Inspection Plan for Diesel Generators at Nuclear Po. er Plants.”
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Table A2-2 Modified HPCS System Walkdown - LaSalle County Station Unit 2 (Cont'd) .

Valve I No

Description

Location

Actual Position

2E22-F328

Suppression Pool Vater
Lavel Instrument Root for
LSH-2E22-NOOZ2A &
NOOZH

SW. Rx Bidg. 695 Level
Against S Pool

TE22-F320 Suppression Pool Water SW. Rx didg 695 Level C pen
Level Instrument Root for
LSH-2E22-NOO2A &
NOO2B
2E22-F8 Instrument Test Stop for SW. Rx Bidg 695 Level in Locked Qlosed
LSH-2E22-NO2A & Ruceway against Supp. Poal
NUOZB
2E22-F389 Instrument Test Stop for SW. Rx Bidg 695 Level in Qlozed
LSH-2E22 FO(2A & Raceway against Supp. Pool
NOO2B
2E2¢ %0 Instrument Test Stop for SW. hi Bldg 695 Level in Locked Closed
LSH2E22.-NORA & Raceway against Supp. Pool
|
SE2-FARI Instrument Test Stop for SW. Rx Bidg 695 Level in Qosed
LSH-2E22-NOA & Raceway against Supp Pool
NO2B
TE2-F006 HPCS Water Leg Pump HPCS Room 673 Level Open
Discharge Stop
ZE22FOM HPCS Water Leg Pump HPCS Room 673 Level Open
Suction Stop
2E22-F343 HPCS Pump Suctiom HPCS Room 673 Level Oipen
Pressure Instrument Root Secnon Side
for PS-2E22-NOO3 & ROO1L
SE22-F330 HPCS Pump Flow High HPCS 673 Level South cl Open
Side Instrument Root for Supp. Pool South Side of
FT-2E22-NOOS & NiXe Station in Raceway
JE22.F331 HPCS Pump Flow Low HPCS 673" Level South of Open
Side Instrument Root for Supp. Pooi South Side of
FT-2E22-NODS & NOO6 Station in Raceway
SE2-F3N2 HPCS Pump Discharge HPCS Room 673 Level Qper
Pressure Instrument Root Discharge Side
for PS-2EJ2-NOI2A. B & ‘
PT-2E22-NOO4 f
JE22-F341 HPCS Pump Dischatge HPCS Room 673 Level Crpen
Preasure Instrumeni Root
for PIS 2E22:NO13
2E22-FM2 HPCS Suction from CST SE Side of CST Locked Open ]

A2:10
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Table A 2-2 Modified HPCS System Walkdown - LaSalle County Station Unit 2 (Cont’d)
HPCS DIESEL GENERATOR 2B

Refer to Table B-1, "Proposed Inspection Plan for Diesel Generators at Nuclear Power Plant®,
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APPENDIX A3

Nine Mile Point - Unit 2 HPCS System Details
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Table A3-1 Modified HPCS System Walkdown - Nine Mile Point -

R

Unit 2

-

L Electrical Lineup
Breaker 1D No/Description Location Required Position | Actual
{Note 1) Position
2CSH*PI (C001) HPCS Pump | JENS*SWGI02 BKR 42 Racked In
2CSH*P2 (CDO3) HPCS Water Leg Pump 2 2EHS*MCC201 CUB SA On
2CSH*MOV101 (FO01) HPCS Pump Suction JEHS*MCC201 CUB 3A On
from CST
2CSH*MOV108 (F012) HPCS Min Flow Bypass | 2EHS*MCC201 CUB 3B On
2CSH*MOVI07 (FOO4) HPCS Pump 1 Injection | ZEHS*MCC201 CUR 2C On
2CSH*MOVI11 (F023) HPCS Test Returmn to 2EHS*MCC201 CUB 10D | On I
Supp. Pool
JCSH*MOV1I0 (FO10) HPCS Test Retum to ZEHS*MCC201 CUB 6B Off
l (&3} (Note 2)
I SCSH*MOV112 (FO11) HPCS Test Return to 2EHS*MCC201 CUB 78 On
ST
2CSH*MOV11B (FO15) HPCS Pump Suction 2ZEHS*MCOC201 CUB 3C On W
from Supp. Pool
2CSHN10 Relay Logic JCES*IPNLA414 BKR 16 On
2CSHN11 Relay Logic 2SCV*PNL200P BKR 17 On
ZCSHN12 Valve Position Indication JCES'IPNLA4 BKR 17 On
2CSHNI1) Valve/Relay Logic ISCVPNL2OOP BKR 16 On

NOTES: 1.

Standard GE component numbers given in parenthesis.

2. Assures compliance with 10 CFR 50 Appendix R requirements.
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Table A1 Modified HPCS System Walkdown - Nine Mile Point - Unit 2 (Cont'd)

Valve 1D No Deseription Required Position | Actual Position
{Nete 1)
2COMVS P2 Reaire Line Throttle Locked Throttied
{Note 3)
2CSHVIR PTI02, PIIOY Inol Open
2OSH*V2Y *PTI08, PII2S lsol Open
OSHYVY *71 Discharge Check Instalted
' TOSHV2S SFTIM, 108 Isal Open
| OSHAV26 FTI4, 108 Isal Open
20SH VY *PI11S tnst Root Isol Open
JCSH*VR2 Suction Pyping Drain w Shut
Radwaste 1sol
2081 V6 Supp Pool suction Piping Installed
(FO16) | (heck o
208H VAT *LS14D Inst Root sl Opwn
2CSHVSH *1.5140 Inst Drain Shut
LOSH A Vo SLE1AS Iost Lorain Shut and Capped
2CSH VSR LY A3 It Ve Shut
CSH*VOA *L>.42 Inst Vent Shut and Capped
2081V Condensate Makeup Locked Shut
Isolation
- i Condensate Makeup I &e Shut
Lsolation
2085H V4 PDTIN Inst Root Isol Open
2OSH' VI L.T123, 124 lso) Open
2OSH VO LT Test Connection Shut
2085H V100 LY Test Connection Shut and Capped
ACSHV L7124 Ve | Shut and Capper
2USH VRO LT133 Veni ] Shut ; « Capped , l
NOTES: 1. Standard GE component ¢+~ given in parenthesis,
2. Assures compliance with 10 C, &, 50 Appendix R requirmem
3. With “P? running, Yicensee throtties 2CSH*VS4 and 2CSH*V96 as required to clear

annunciators 601714 and 601720 while maintaining HPCS system pressure > 65 psig.
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Table A3-1 Modified HPCS System Walkdown - Nine Mile Point - Unit 2 (Cont'd)

Valve 1D No
{Note 1)

Desenption

Reguired Position

Actusl Position

FSHVEL

L1124 Isolation

Open

2CSH VI

LT123 Isolation

Open

208H'VT?

Open

2CSHAVTS

L1123 Isviation

L1124 Jsolation

Open

20SH VIR

L1124 Drain

Shut and Capped

208H VR

L1123 Drain

Shut and Capped

20C8H*VI01

LT Test Conn

Shut

208H VI

LT Test (onn

Shut and Plugged

20NV

L1123, 124 Isol

Open

NOTE: 1. Standard GE component number given in parenthesis.

NOTES:

Standard GE component number given in parenthesis,

Assures compliance with 10 CFR 50 Appendia R requirments.

With *P2 running, licensee throtties 2CSH*VS4 and 2CSH*VI6 as required to cler
annunciators 601719 and 601720 while maintaining HPCS system pressure > 65

w s =
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Table A3-1 Modified HPCS System "Valkdown - Nine Mile Point - Unit 2 (Zont'd)
HPCS DIESEL GENERATOR
Refer to Teble B-1, "Proposed Inspection Poon for Diesel Generators at Nuclear Power Plants”.
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Table A 41 Maodified HPCS System Walkdown - Perry Nuclear Power Plant

L Electrice! Lincup

Breaker 1D No Description Lawoation Required Position
220001 HPCS Pump Bus EH13 BKR Racked In
EH M4
TEI2-8003 {PCS Tramsformer EHR-1E 10 MOC Bus EH1Y BKR Rogked In
FRAED FH1308
TE22-0003 Standby + wier Leg Pump MOC EFiE-1 Chomed
Disconne t Swiich ¢
TE22F00) Cond. Storage Tank Suction Pump Valve | MOC EFIE-] 3omed
Disconnect Switch D
TE22-1010 Full Flow Test Upsiresm Stop to OST MOC EF1EA losed
Disconnect Switch G
- §
1E22-F011 Full Plow Test Downstresm Stop 1o OST | MOC EF1E- Chomed
Disconnect Switch H
1E22-FOIZ Supp. Pool Min. Plow Bypass Stop MCOC EFIEA Olemed
F Disconnect Swilch
1H22.F018 Supp. Fool Pump suction Valve MCC EF1E-1 Oosed
Disconnect Switch K
TE22 FO23 Full PFlow Test Stop 1o Supp. Pool MOC EFIEA Closed
Disconnect Switch |
HPCS Pump Room Ventilation Area Cooler Supply | MOC EF1E-1 Clemed
Fan Disconnect Switch R
THZFOM HPCS Injection Discharge Stop MOC EFIEA osed
Disconnect Swatch F
l HPCS Instrument Power MOC 1431 CUB 2A On I'
125 VDC BUS 1d-1.C Suppiy from U-1 Batiery 125 VDC Bus 112 On
(CR)
Switchgear Bus Eil-13 Breaker Conirol Power 125 VDC Distr. Panel On
(CHAY
Panel TH13.P628 HPCS Relay Logie and Pump 12¢ VIO Disie. Par On
Maotor Control (CH8)
Contral Room Panel 1H13-P601 125 VDC Distr. Panel On
{CRAT)
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Table Ad-) Modified HPCS System Walkdown - Perry Nuclear Power Plant (Cont'd)

HPCS DIESEL GENERATOR FIC

Refer to Takle B0, "Proposed Inspection Plan for Diesel Generators at Nuclear Power Plants®.
Ad-6
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APPENDIX AS

River Bend Station - Unit 1 HPCS System Detulls






















Figure A6-1 Simplified HPCS Flow Diagrem - WNP 2
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Table A 6-1 Modified HPCS Sy stem Walkdown - Washington Nuclear Plant No. 2

Electrical Lineup

Breaker 1D No Description

L aocation

B red Posttion Actual Position

(Note 1) {Note 2)
HPCSP-1 High quﬁu Core Spray SM.4 Racked In
Pump
HPOS P8 HPCS Water Leg Pump MCAA CUB IC lemed
HPOS-V-1 HPCS Suction from CST1 MC4a CUB 2D Qlomed

HPCS V.4 HPCS Injection Valve

MC4A CUB SR

Yowe d

HPCS V10 MPCS Inboard Return to OST

MC4A CUR 2E

hemed

HPCS- V11 HPCS Outhosrd Retum 1o
X}

Miaa o1

B 3A

HPCS- VA2 HPCS Minimum Plow

MOAA OUR 3B

HPCOS V18 HPOS Suppression Pool MCAA CUB AC Clemed '
Suet on

HPOS-V-27 HPCS Test Valvs MC4A CUB 3D Clomed

HPCS V-5, HPOS- V.5 PPAA (X1 9 Clomed

HPCS-V-£& PPAA Ot 1) Olosed I
P14 (E7LNOO4Pump Disch. Press ) PPAA (1 R Closed

P18 (R22.NOOS System Tow)

HPCS Logic

128 VDO Ot DY Closed

HFPCS st

N

HPCS VA0, HRCS- V.11 Position
indication

OTES:

HPCS Dist

128 VDC t D0

1. Electrical equipment physicaliy located in DG Room,
2. Licensee personnel are instructed that if these breakers are open, not 1o close them until

directed by the Control Room Operator, and to see filling ar 1 venting inswuctions.
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Table A6-1 Modified HPCS System Walkdown - Washungion Nuclear Plant No. 2 (Cont'd)

I VALVE LINEUP

Valve 1D No
(Naote 1)

Desoription

HPOS- VA (B0

Suction from CST MOV

Roost Valve for PISS (E22-
NGy Suction Pressure

HPOS. N 80

HPOS P Seal Dran

HPOS- V81

HPCS- P Seal Drain

HPCS-VA2 (F012)

HPCS P Minmmum Plow
MOV

HPCS: V-2 708 | Testabie Check Valve

HPCS-V-52 Minimum Plow Line Isolstion
urq.-\«’-:a (FOM) | HPCS-P-3 Suction Isolistion RB.422 s
HPCS-V.YT (K03, | HPCS-P-2 Minimum Flow RB412 Open 1
PPCS V6 (FOon) HPOSP3 Stop Check REB-427 Open
HPCS V708 Poot Vatve for PISA13 (water Rip422 Oprn 7 J
leg pump dnmhpr.c press.) (Note 2)
HPOS- V.0 & Rootl Valves for P15 (B Ri-444 Opent
V10 NOOS), FIS (EI2-N0os ), & F1- (Note 2)
604 (E22-R6GY) )
HPOSVAS (FO1%) | Suppressson Pool Suction MOV | RB.444 Closed ’ 1
HPCS V-19 (FO19) | HPCS Suction Tie to RUR RB-444 Lok . Climed
HPCS- VA0 (Fuln) | HPCSA 1 Test 10 CST MOV RB-444 Closed
i HPCS Va1 (FOI | HPCS-P-§ Yest to OST MOV KB-444 Closed
HPCOSV2S (FO2Y) | HPCSP-) ‘l‘r;t o Suppiession CURETR] Closed
Pool MOV
HPCS PLVYR HPCEDPIS-S (4% RB-43% Open ' 7
7 DW. A7 Cloned

NOTES

Valve capped.

1. Standard GE component numbers given in parentheses
2. Licensew requires independent verification of this valve position by its personnel.
3
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Grand Gulf Nuclear Station - Unit 1 HPCS System Details
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Table A.7-1 Modified HPCS System Walkdown - Grand Gult Nuclear Station Unit 1 (Cont'd)
Vaive 1) No bncnpmm Lesation Required Position | Actual Pasition
FXo0 PP N4t Ares B Flev 9% (}(;vd
FXo22 PP N403 Area 8 Liev 93 Clomed
FX019 PP NaO Ares 8 Elev OV Clomed
Foal Flushing Wir Supply Shutoff | Area ¥ Elev 119" Locked Closed
ooz Flushing er Supply Isolation | Ares & Elov 119 Locked Closed
FX0M LT NOSAC & G, ST Level Ares 7 Blev. 119 Open
B21 X066 IT-NOR} (Above Core Area 11 Elev 147 Open

voate Tap) HPCS Leay
Detection
E3L FXO2S PIYT NOKL. HPCS |eak Arga 11 Elev 147 Open
Detect
FOve HPCS injection 10 Ra Area 11 Eley 147 Lacked Open

Isolation
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Table B? Proposed Inspection Plan for Diesel Generators at Nuciear Power Pants

A Objectives

To review and evaluate Diesel Generator design, operation, an 4 maintenance at NPPs to ensure
that the DGs will be available when needed to power safety systems

B. Details

The inspection of the following items should focus va DG auxiliary systems as follows:
Fuel Injection System, Turbocharger, Startirg System, Speed/Load Control, Jacket
Water, Cooling Water, Lube Oil. Fuel Cil, Control and Monitering Systems, and
Generator.

s

Using the LER, 50.55¢, and Part 21 systems cornputer printout, select 3 recent failures
(within 2 years) for followup at the NPP. When at the plant select an additional 2
failures from the internal systems. Evaluate the licensee’s response > these failures for
proper failure analysis, corractive action, notitication of vendor, Part 21 evaluation and
documentation.

3. Mainteoance: Refer to IE LP.s 62700 and 62702, as they apply to DG n.. ¢nance.
Additionally, does the NPP have, and have they implemented the DG vendory
maintenance recommendations (especially those recommendations unigue to nuclear
service DGs such as Colt's described in NSAC-79)7  Are maintenance personnel
spocially trained on DGs? Is failure information fed back into maintenance program?

) Design Change Control:  Select two DG modifications and verify nsroper
implementation. Utilizing information from DG vendor inspection on maodific, tions
recommended, verify th. . NPP is receiving all pertinent information in this area from
the vendor. (Reference IE LP. 37700).

S. Spare Parts and Procurement: Review how spare parts and services are purchased and
parts stored. both from DG vendor and direct from sub-vendor. Verify adequate Pant
21 an QA, particularly when vendor. are only supplying commerc:al grade parts and
services (e.g., Woodward Governor #nd Stewart and Stevenson). Verify ASME code
specified where appropriate. Tour spare parts storage area. (Reference 1E 1.P. 38701
and 38702).

6. Training  Ensare appropriate DG specific trawning given to maintenance, operations,
QA, and management >rsonnel.  Are there adequate documents to describe DG
operaticn onsite (both main engine and auxiliary system)? (Reference 1E LP. 41700).

7. Observe DGs in operation. Ensure they run smoothly and are operated per procedurs
Look frr annormal vibration and leaks (air, fuel oil, or lube oil). Check that res Lings
are within specified limits. Are limits per DG vendor recommendations?  Are
recommendatio,. - clearly specified? Is air quality in DG room satisfactory withou:
excessive ist? Are control cabinets properly gasketed? Are instruments calibrated?
Is trending of operating data performed to detect degradation carly?
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10.

1L

12.

Source

Is NPF receiving all appropriate service information from vendor: design, maintenance,
operational. etc? This s specially important for General Motors DG owner (verify they
receive "Power Pointers” from GM).

Review site practices to limit DG cold fast starts.

Reliability records and calculations: Check logs, procedur s, and calculations versus
Reg. Guide 1.108 criteria

Easure that pertinent studies on DG performe -« ~ have been reviewed and
recommendations implemented as appropriate (e.g U1 F/CR-0660 and NSAC-79).

Torquing: Ensure plai. bas © squate spec’ atwns for all torquing.  Ensure it is
documented and done with caabraied equ.pment. Observe re-torquing if in progress.

[22]  J.C. Higgins and M. Subudhi, "A Review of Emergency Dieser “«enerator Performance at
Nuclear Power Plants,” NUREG/CR-4440, Brookhaven National Laboratory, November 1985,
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