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0 : EXECUTIVE SUMMARY

Palo Verde Nuclear Generating Station, Units 1, 2, and 3
NRC Inspection Report 50-528/98-14; 50-529/98-14; 50-530/98-14

This special inspection was conducted to review the safety and regulatory implications of excessive
high-pressure safety injection pump discharge check valve reverse leakage for Units 1 and 2. The
licensee identified and reported these conditions to the NRC in accordance with 10 CFR Part 50.72
on May 14 and 15, 1998. The onsite portion of the inspection was conducted during the weeks of
May 25 and June 8, 1998, Additional in-office inspection was conducted through July 21, 1998. The
inspection also assessed the licensee's evaluation of the degraded conditions.

Operations

o Two examples of an apparent violation of Technical Specification 3.5.2 were identified for
inoperability of the Unit 1 Train "B" high-pressure safety injection flow path for approximately 6
years and the Unit 2 Train "A" high-pressure safety injection flow path for approximately 5 years
(Sections E1.1 .b.2 and E1.1.b.4).

e Two examples of an apparent violation of Technical Specification 6.8.1 were identified for
inadequate logkeeping practices. Abnormal conditions were not recorded in the Unit 2 control
room logs when an unexpected safety injection tank level decrease occurred on October 10 and

0 28, 1997 (Section E1.1 .b.1):

o Two examples of an apparent violation of 10 CFR Part 50, Appendix B, Criterion XVI, were
identified for not identifying and correcting excessive reverse flow through Valve 2PSIB-V405
following two Unit 2 safety injection tank level decrease events on October 10 and 28, 1997
(Section E1.1 .b.1).

¢ Units 1 and 2 log entries on May 13 and 14, respectively, did not address operability of the
opposite-train high-pressure safety injection flow path when operability of Valves 1 PSIA-V404
and 2PSIB-V405 was in question (Section O1.1).

o A-second-and-thirdTwo examples? of an apparent violation of Technical Specification 3.0.3 were
identified for performing online maintenance on the Unit 1 Train "A" and Unit 2 Train "B" high-
pressure safety injection systems without isolation from the opposite train, in excess of 7 hours,
while the associated high-pressure safety injection pump discharge check valves were inoperable
(Section E1.2).
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Q- The licensee's investigation report was objective and provided a candid self-assessment of its
performance; however, it did not evaluate inspector-identified issues in the areas of operations or
onlineé maintenance (Section E8.1).

Maintenance

e A third example of an apparent vuoiatlon of 10 CFR Part 50, Appendix B, Criterion XVI, was
identified. On April 9, 1998, the licensee missed an opportunity to correct the inoperable
condition of Valve 1 PSIA-V404 when a personnel error was made during maintenance, resulting

in the valve being reassembled incorrectly and the excessive reverse leakage not being corrected
(Section E1.1 .b.2).

Engineering

o A fourth and fifth example of an apparent violation of 10 CFR Part 50, Appendix B, Criterion XVI,
were identified for inadequate corrective actions in the development of maintenance and testing

procedures following operating experience assessments of NRC Information Notices 88-70 and
89-62 (Section E1.4).
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0 Report Details

Event Synopsis

This event involved excessive reverse flow through high-pressure safety injection (HPSI) pump
discharge check valves in Units 1 and 2 caused by the incorrect assembly of the check valves. The
incorrect assembly of the check valves could have® prevented the valves from properly seating

during reverse flow conditions. Therefore, the reverse leakage caused by the improper seating valve,
would have® caused reduced HPSI injection flow. .

A simplified diagram of the HPSI system is depicted in Attachment 2. The HPSI system for each unit
_is comprised of two trains, "A" and "B," and each train has a pump, which takes suction from either
the refueling water tank (RWT) or the containment recirculation sump. The discharge of each pump
passes through a check valve, designated xPSIA-V404 for the Train "A* valve (where X' is the unit
designator) and xPSIB-V405 for the Train "B* valve. The discharge from each pump is then
separated into four cold-leg injection lines, one for each of the cold legs of the reactor coolant
system (RCS), and a hot-leg injection line. Each cold-leg injection line contains a motor-operated
valve and the flowpath is combined with the opposite HPSI train to form a single flowpath. Upon a
safety injection actuation signal, the HPSI trains are cross connected via the cold-leg injection lines.
if a HPSI pump is not operating and the motor-operated valves for both trains are open, the HPSI
pump discharge check valve for the idle pump provides isolation from the operating train. This
. prevents diversion of HPSI flow from the RCS to ensure that an adequate amount of flow is provided
‘or emergency core cooling during a loss-of-coolant accident (LOCA).
A check valve that was improperly assembled could affect the leakage through the valve during
reverse flow conditions. For example, referring to the simplified flow diagram in Attachment 2, if the
"B" HPSI pump discharge check valve SIB-V405 were to fail to close completely under reverse flow
conditions, and the "B" HPSI pump was-ineperablenot running with the injection valves open®, part of
the injection flow from the "A" HPSI pump would be directed back through HPSI Valves SIA-UV617, -
627, -637, -647 and SIB-UV616, -626, -636, -646. The flow would then be directed through the "B"
HPSI pump mini-flow line Valves SIB-UV667 and SIB-659, and back to the RWT. As stated
previously, upon a safety injection actuation signal, the cold-leg injection valves would open and
remain open.

The HPSI pump discharge check valves are 4-inch, 1500-pound, bonnet-hung, pressure-seal swing
check valves manufactured by Borg-Warner. On April 9, 1998, during a Unit 1 refueling outage
surveillance test, Valve 1 PSIA-V404, the Unit 1, Train "A" HPSI pump discharge check valve, failed
to meet its acceptance criterion for reverse flow during a flow test. The cause of the condition was
determined to have been vertical misalignment of the valve disc within the valve body, which caused
the disc to become jammed-cocked® and not seat properly. On May 7, 1998, the licensee concluded.
that the amount of leakage resulted in a condition outside the 'design basis of the facility.

Valve 1 PSIA-V404 was repaired during the Unit 1 refueling outage and its post-maintenance test
was completed satisfactorily. However, on May 13, 1998, with Unit 1 operating, the check valve
system engineer determined that the valve had been repaired incorrectly. Additional
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aestmg confirmed that the valve was inoperable because of excessive reverse leakage. The licensee
repaired the valve and returned the Unit 1 HPSI system to an operable condition on May 15, "1998.

During its review of the applicability of the vertical misalignment issue to other HPS! pump discharge
check valves, the licensee performed non-intrusive measurements of valve dimensions and reviewed
previous surveillance test data. On May 14, 1998, the licensee determined-s uspected’ that Valve
2PSIB-V405, the Unit 2, Train "B* HPSI pump discharge check valve was also misaligned and testing
confirmed that the valve had excessive reverse flow. The licensee repaired-reworked® the vaive and
returned the Unit 2 HPSI system to an operable condition on May 16, 1998. On June 5, 1998, they
reported the condition to the NRC in Licensee Event Report (LER) 50-528/-529/-530/98-006.

The reverse leakage conditions were masked prior to April 9, 1998, due to an inadequate
surveillance test. Specifically, the surveillance test in use only measured the injection flow rate to the
reactor vessel under limited conditions and did not quantify the reverse flow leakage through the
check valves.

The NRC initiated thls inspection to review the event, determine if the licensee had returned the
HPSI systems to an operable condition, and assess the licensee's performance.

| Operations
01 Conduct Of Operations

001.1 Unit 1 and Unit 2 - Technical Specification (TS) 3.0.3 Late Entry

. a Inspection Scope

} The inspectors reviewed events and circumstances associated with the initial logging of a late
entry into TS 3.0.3 for Unit 1 and Unit 2 when HPSI pump discharge check valves were
inoperable because of excessive reverse flow leakage.

b. Observations and Findings
Unit 1

The Limiting Condition for Operation (LCO) for TS 3.5.2 requires that two emergency core
cooling system (ECCS) subsystems shall be operable for each unit with each subsystem
comprised of an operable HPSI pump, an operable low-pressure safety injection (LPSI) pump,
and an independent operable flowpath. If a HPSI pump discharge check valve allows
excessive reverse flow, then the opposite-train ECCS subsystem does not contain an
independent operable flowpath. When the HPSI systems are interconnected via the cold-leg
injection valves, the check valve is the flowpath boundary. An action requirement associated
with TS 3.5.2 allows one ECCS subsystem to be inoperable for 72 hours prior to requmng the
initiation of a plant shutdown.
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&echnical Specification 3.0.3 requires if an LCO is not met, except as allowed by the associated
action requirement, that the licensee shall initiate action within 1 hour to place the unit in a mode in

which the LCO is not applicable.

As documented in the Unit 1 log for May 13, 1998, at 3 a.m. the licensee began a planned Train *A"
equipment maintenance outage and declared Train "A" equipment, including the Train *A* HPSI
system inoperable.

On May 13, 1998, at 1 p.ni,, the licensee conducted a meeting to discuss operability of Valve 1
PSIA-V404, the Unit 1 Train "A" HPSI pump discharge check valve. The licensee had questioned
whether the valve had been assembled correctly following maintenance during the April 1998
refueling outage. (For additional details, see Section E1.1 .b.3). The licensee's reportability
determination, dated May 21, 1998, documented that at this meeting, operations personnel
concluded that sufficient evidence existed to suggest that the valve weuld-might® not perform its
intended function, and that the valve was declared inoperable, pending testing.

Following the 1 p.m. meeting, the Unit 1 operators made an entry in the Unit 1 log at 2:32 p.m. that
HPSI Train "A" was inoperable due to the potential that the internals for Valve 1 PSIA-V404 were
misaligned (HPSI Train "A" was already inoperable. This entry explicitly identified a new cause for
_the inoperable condition.) The entry also stated that operations would establish conditions necessary
to test the valve for reverse flow and was proceeding with isolating the Train A" HPSI system from
the Train "B" HPSI system. The inspectors noted that the log entry did not address operability of the

O-IPSI Train "B* flowpath.

The operators completed the isclation of the HPSI trains at 3:45 p.m., | hour and 13 minutes after the
2:32 p.m. log entry. The licensee informed the inspectors that the isolation of the HPSI trains, by
closing and removmg power from the Train "A* HPSI loop injection valves, was performed to provide
equipment isolation in preparation for testing and maintenance on Valve 1 PSIA-V404. The licensee
further stated that the isolation was not initiated to separate the HPSI trains to prevent flow diversion
from the Train "B" HPSI system through the Train "A" HPSI pump discharge check valve during an
accident. Since, as discussed in Section E1.2 of this report, the reverse flow leakage through the
check valve would have'® reduced the HPSI flow required to mitigate an accident condition, the
inspectors considered that Train "B" did not have an independent operable flowpath. The Train "A"
HPSI system was already inoperable for maintenance. Consequently, this condition exceeded the
LCO for TS 3.5.2, and therefore_if operations had known that the check valve would not perform its
intended function'! required an entry into TS 3.0.3.

Control room operators did not record the TS 3.0.3 entry in the Unit 1 log. The LER for this event,
dated June 5, 1998, stated that siree-the-eperators-1S 3.0.3 was unknowingly entered 78-3:0-3

when Valve 1 PSIA-V404 was declared inoperable,-they-did-nret-log-this-conditier'. During later
discussions, the licensee informed the inspectors that operators recognized the flow diversion

potential and impact on system operability, but considered
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e condition to be enly—an—example—el—a gotentually degraded condmon until testlng confirmed

, otherwise. M moatine

18 The mspectors concluded that TS 3. 0 3 should have
been entered at 2:32 p m. on May 13, when HPSI Train "A" was declared inoperable due to Valve 1

PSIA-V404.(Comment')

TS 3.0.3 required that within 1 hour, action shall be initiated to place the Unit in a mode in which TS
3.5.2 did not apply. The basis for T.S. 3.0.3 stated that the purpose of the 1 hour was to allow for the
preparation for an orderly' shutdown before initiating a change in plant operation and that this time
permits the operatorto coordinate the reduction in electrical generation with the load dispatcher to
ensure the stability and availability of the electrical grid. Even though the control room operators
recognized that the inoperable check valve had an impact on system operability, they did not initiate
action to place the Unit in a mode in which the HPSI system was not required. When the inspectors
discussed this issue with department management representatives, the inspectors determined that
these managers were unfamiliar with the 1-hour requirements of TS 3.0.3. The managers informed
the inspectors that they considered the | hour specified in TS 3.0.3 as an additional hour that was
available to correct the inoperable condition instead of the time allowed to prepare for.an orderly
plant shutdown.

At 3:45 p.m. on May 13, 1998, operators completed the isolation of all four Train *A* HPSI RCS
injection valves (Valves SIA-HV-617, 627, 637, 647). Therefore, Train "B" of the HPSI system was
made operable at that time. On May 16, 1998, operators recegnized-thatquestioned whether both
trains of the HPSI system were inoperable on May 13, 1998, that-arand made a conservative entry
into TS 3.0.3-was-required, and documented the TS 3.0.3 entry in the log as a late entry. The
operators initiated a CRDR (180317) to have the TS 3.0.3 entry evaluated.'® The inspectors ors verified

that a late entry was made into the Unit 1 log. The inspectors considered that TS 3.0.3 was declared
from 2:32 p.m. on May 13, 1998, when Valve 1 PSIA-V404 was inoperable, until the Train "B" HPSI
system flowpath was made operable at 3:45 p.m. by isolating the two HPSI trains. Subsequent to the
onsite portion of the inspection, the licensee changed its position with respect to the iate entry into
TS 3.0.3 and revised the logs accordingly.

The licensee's failure to comply with the requirements of TS 3.0.3 was determined to be an example
of an apparent violation (50-528/-529/-530/9814-01).

Unit 2

On May 14, 1998, at 9:55 p.m., operations declared the Train "B" HPSI| pump inoperable after
receiving a memorandum from engineering (see Section E1.1 .b.4) recommending that Valve 2PSIB-

V405 lhe Train "B" HPSI pump discharge check valve be declared moperable -'Fhe-mepeeleps—

lhefeie;e—peqweden%la%eis-&e%—mln a sumllar manner to the Umt 1 actlons cperators lsolated

the HPSI trains in anticipation of performing testing and maintenance on Valve 2PSIB-V405. For this
case, however, isolation of the Train "B" HPSI injection valves was completed within 1
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hour, at 10:35 p.m. On May 16, 1998, the Unit 2 log had a late entry documenting that at 9:55
p.m. on May 14, 1998, an entry into TS 3.0.3 was required due to the Train "A" HPSI system
being inoperable due to Valve 2PSIB-V405 being suspected of having excessive back
leakage. Another late entry on May 16 documented that at 10:35 p.m. on May 14, TS 3.0.3

‘'was exited when the Train "B" HPSI injection valves were isolated. Subsequent to the onsite

portion of the inspection, the licensee changed its position with respect to the late entry into
TS 3.0.3 and revised the logs accordingly.

Conclusions '

Operations personnel did not demonstrate an understanding of TS requirements nor an
understanding of the impact of the misaligned HPSI check valve on system operability. An
example of an apparent violation was identified for failure to implement the requirements of TS
3.0.3 for Unit 1.

Operations Procedures and Documentation

Response to Inadequate HPSI Flow

Inspection Scope

The inspectors reviewed existing procedures that the licensee woulci have used during LOCA
scenarios involving madequate HPSI flow. The inspectors also interviewed reactor operators
and observed two crews in the simulators respond to a LOCA with degraded HPSI flow.

Observations and Findings

A senior reactor operator walked the inspectors through existing procedures that control room
operators would be expected to use during a LOCA with inadequate safety injection flow.
Emergency Procedures 40EP-9EQQ3, "Loss of Coolant Accident,”" Revision 5, and 40EP-
SEOQ09, "Functional Recovery," Revision 6, addressed the degraded HPSI flow condition and
the required actions to recover the inventory control safety function. The inspectors verified
that the instrumentation available to the operators in the control room would allow for the
diagnosis of a degraded HPSI flow condition. If HPSI flow was unacceptable and
unrestorable, the emergency procedures provided a method of alternate response to
recovery. The inspectors also observed two crews successfully respond to a LOCA with
degraded HPSI flow scenario on the plant simulators. The circumstances of this simulator
scenario, "LOCA with Degraded HPSI Flow," July 14, 1998, were a LOCA and a failure of the
Train "B" HPSI pump with its associated discharge check valve stuck at 15 percent open.
Operator performance was considered acceptable if the crew took action to depressurize the
RCS to initiate LPSI injection flow prior to the reactor vessel outlet plenum level decreasing to
less than 23 percent. The performance of both crews was good.
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.Conclusions

The inspectors concluded that existing procedures were adequate and available for
responding to a degraded HPSI flow condition.

Il Maintenance
Conduct of Maintenance

Valve Maintenance

inspection Scope

The inspectors reviewed the maintenance history of the HPSI pump discharge check valves,
interviewed maintenance and engineering personnel, reviewed malntenance procedures, and
examined a spare valve in the maintenance shop.

Observations and Eindinqs

Evolution of Maintenance Procedure

The subject HPSI pump discharge check valves were 4-inch, 1500-pound, bonnet-hung,
pressure-seal swing check valves manufactured by Borg-Warner. The licensee's maintenance
procedures for these valves had evolved since plant construction. The original maintenance
procedure applicable to the subject valves, O&M Manual 1024, Revision A, did not identify
specific instructions regarding how far the bonnet retaining ring should be threaded into the
body of the valve. The licensee informed the inspectors that during plant construction, valves
were disassembled prior to being welded in place. During reassembly, the bonnet retaining
ring was threaded into the valve body until it bottomed after the internals were installed.

As described to the industry in NRC Information Notice (IN) 89-62, "Malfunction of Borg-
Warner Pressuré Seal Bonnet Check Valves Caused By Vertical Misalignment of Disc,” dated
August 31, 1989, the assembly instructions for the subject valves were missing an essential
assembly step, which, if not implemented, would result in the disc assembly being suspended
too low inside the body of the valve. If the disc assembly was suspended too low, the valve
may initially seat acceptably but still become jammed after forward flow exercised the valve,
thus preventing proper valve seating and subsequently allowing reverse flow leakage. The
original factory assembly process included a step that unthreaded the bonnet retaining ring
after it bottomed in the valve body until the correct disc height, as viewed through the end of
the uninstalled valve,'” was obtained. Backing out the’ retalnlng ring to achieve the correct

vertical dimension was not included as a required step in the licensee's original procedure
(i.e. vendor instruction manual)'®.
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he licensee issued Procedure 31MT-92Z17, "Disassembly and Reassembly of Borg-Warner Check
alves," Revision 0, on November 30, 1992, after receiving vendor information developed in
response to IN 89-62. As discussed in Section E1.4, the licensee had initially determined that no
actions were necessary in response to the IN. This contributed to the 3-year delay from the time that
IN 89-62 was issued to the time that Procedure 31MT-9ZZ17 was issued. As recommended.by the
vendor, "tThe procedure included a step of measuring the distance from the top of the valve body to
the top of the bonnet retaining ring (called the "A" dimension) before valve disassembly and after
reassembly. However, this step did not ensure that the valve disc-to-body vertical alignment was
correct. If the valve had béen previously disassembled, measuring the "A* dimension prior to
maintenance and returning the valve to that "A" dimension during reassembly would have merely
returned the valve'to its previous configuration, which may have been incorrect.

The licensee issued Revision 1 of Procedure 31MT-9Z2Z17 on November 17, 1994. This revision
included measurement of the "B" dimension, the distance from the top of the valve bonnet to the top
of the valve body. The procedure contained instructions to determine the correct vertical disc-to-body
configuration, as determined by the disc-to-body measurements, and place the valve in the correct

.. alignment. However, performing these steps was only required if inspection of the valve identified
improper seating. An enhancement to the dimensional measurement process was implemented in
Procedure 31MT-9ZZ17, Revision 4, on January 24, 1997, to simplify the measurément process. The

. licensee did not evaluate-the-reed-te-adjust valve alignment when these-procedure revisions 4 were

was made®. The 1994 revision of Procedure 31 MT-9ZZ17 appeared adequate to erisure that the
correct valve alignment was established, but-and correct vertical alignment of al-efthethe Unit 2 and
Unit3 V404 valves was-rethad been verified at that time_and the other four HPSI check valves had

eakaqge of 10 gpm or less®'.-

Maintenance History

With respect to Valve 1PSIA-V404, the Unit 1, Train “A" HPSI pump discharge check valve, when
maintenance was performed on April 10, 1998, Procedure 31MT-9ZZ17 was not followed because of
personnel error while taking measurements to establish the correct "A" and “B" dimensions. This
resulted in the erroneous conclusion that the valve disc had been approximately 0.5 inches too high
inside the body of the valve. To correct this condition, a 0.5-inch spacer ring was installed. Later, as
discussed in Section E1.1 .b.3, the licensee recognized this error and corrected the condition by
removing the spacer on May 15, 1998. The previous time that Valve 1 PSIA-V404 was disassembled
was May 1, 1992. The steps to measure the "A" or "B" dimensions and verify that the disc-to-body
alignment was correct were not included in the maintenance procedure at that time. Therefore, the

valve disc was susceptible to jamming-cocking® open since May 1, 1992.

On May 15, 1998, the licensee discovered that the disc in Valve 2PSIB-V405, the Unit 2, Train "B"
HPSI pump discharge check valve was vertically misaligned. Valve 2PSIB-V405 was previously
disassembled on April 14, 1993. The Unit 2 valve'was last reassembled prior to the revision of
Procedure 31 MT-92Z17 that would have established the correct vertical alignment. Therefore, the

valve disc was susceptible to jamming-cocking® open since April 14, 1993.
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For the remaining HPSI pump discharge check valves on all three units., the licensee
evaluated the maintenance and testing history, performed as-found external measurements of
the "A" and "B" dimensions, and performed reverse flow tests. Each of the remaining four
valvés had as-found reverse flow test results of 0 gpm.

Conclusions

The licensee's maintenance procedure for Borg-Wamer bonnet-hung, pressure-seal check
valves did not include adequate instructions for ensuring correct vertical disc alignment until
November 1994. The inspectors concluded that the licensee missed an opportunity to identify
and correct the vertical alignment issus at that time. Once the problem was recognized in
1998, the licensee developed and implemented an acceptable plan to identify and correct the
adverse condition on all of the HPSI pump discharge check valves.

Valve Testing

Inspection Scope

The inspectors reviewed the inservice testing (IST) history of the HPSI discharge check
valves, interviewed maintenance and engineering personnel, and reviewed testing
procedures.

bservations and Findings

The licensee identified in its OEA review of NRC IN 88-70, "Check Valve Inservice Testing
Program Deficiencies," that its IST program did not require reverse-flow testing of the HPSI
pump discharge check valves. As discussed in Section E1.4, the licensee originally concluded
that because they had an NRC-approved IST program, any changes to the program were
considered enhancements. Therefore, the need for procedure revisions was not considered a
priority. The licensee added reverse-flow testing requirements for these valves to its IST
program on July 26, 1992, The test methodology involved operating one HPSI pump and
verifying adequate flow was delivered to the RCS when both trains of the HPSI system were
cross-connected. This method was intended to demonstrate that the HPSI pump discharge
check valve in the idle train had closed as evidenced by maintaining sufficient flow to the RCS
with inconsequential flow diversion through the check valve. No explicit acceptance criterion
was specified for reverse flow through the check valve. The test was performed for each valve
during refueling outages to satisfy the IST program surveillance requirements of TS 4.0.5.
Due to the absence of reverse flow measurements through these check valves, these
surveillance tests did not identify that Valves 1PSIA-V404 and 2PSIB-V405 were inoperable
since 1992 and 1993, respectively.

This forward-flow testing methodology continued until the 1998 Unit 1 refueling outage. As
discussed in Section E1.1, Procedure 73ST-9XI33, "HPS| Pump and Check Valve Full Flow
Test," Revision 9, was issued on March 12, 1998, to perform a forward-flow type test and
included an allowable 20 gpm variance in the measured flow in the acceptance criterion. The
development of an explicit acceptance criterion for check
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walve reverse flow was a corrective action from Condition Report/Disposition Request (CRDR) 2-7-

¥ 0420 that was written following the October 28, 1997, Unit 2, safety injection tank (SIT) level
decrease event described in Section E1.1 .b.1. After Valve 1PSIA-V404 failed this teston April 9, .
1998, and was repaired, plant conditions had changed and precluded the forward-flow type test from
being performed. Therefore, the licensee issued Revision 10 of Procedure 73ST-9X133 on April 11,
1998, which included a new testing methodology consisting of pressurizing the downstream side of
the check valve and monitoring reverse flow through the valve. The new methodology was
subsequently described in a new procedure (Procedure 73ST-9XI35) issued on May 13, 1998,

After the test failure of Valve 1PSIA-V404 during the Unit 1 refueling outage, engineering personnel
continued investigation of the performance requirements for HPSI discharge check valve reverse
flow. Based on engineering analysis of ECCS performance requirements and actual HPSI system
performance (Section E1.2), the licensee determined that a reverse flow acceptance criterion of 10
gpm at a test differential pressure of 50 - 125 psid would be valid for all six valves in the three units.
Procedure 73ST-9XI35, "HPSI Pump Discharge Check Valve Closed Exercise Test," was revised to
include the 10 gpm acceptance criterion in Revision 6 on May 26, 1998.

Technical Specification 4.0.5 states, in part, that, "... inservice testing of ASME Code Class 1, 2, and
3 pumps and valves shall be performed in accordance with Section XI of the ASME Boiler and .
Pressure Vessel Code and applicable Addenda.... "

Prior to January 15, 1998, the applicable Edition of the ASME Code was the 1980 Edition through .
Winter 1981 Addenda. Subsection IWV, "Inservice Testing of Valves in Nuclear Power Plants," of
Section XI of the ASME Code, Article IWV-2000, defines Category A valves as those for which seat
leakage is limited to a specific maximum amount in the closed position for fulfillment of their function
and defines Category C valves as those which are self-actuating in response to some system
characteristic, such as check valves. Article IWV-2000 also states that valves within the scope of this
section shall be placed in one or more categories and that when more ‘than one distinguishing
category characteristic is applicable, all requirements of each of the individual categories are
applicable.

Effective January 15, 1998, the applicable Edition of the ASME Code was the 1989 Edition.
Subsection IWV, "Inservice Testing of Valves in Nuclear Power Plants," required that valve testing
be performed in accordance with the requirements stated in ASME/ANSI Inservice Testing of Valves
in Light-Water Reactor Power Plants OM-10, OMa-1988 Addenda to the OM-1987 Edition. The
definitions and requirements identified above for the 1980 ASME Code Edition are equivalent to the
1989 ASME Code Edition. -

The HPSI pump discharge check valves have a safety-related function to close to prevent diversion
of flow between trains of a system. As identified in NUREG-1482, "Guidelines for Inservice Testing at.
Nuclear Power Plants," the ASME Code does not specifically require that these valves be Category
A: although, there may be a leakage limit based on the total system requirements. The ficensee
conducts their IST program
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in accordance with Procedure 73DP-9XI01, "Pump and Valve Inservice. Testing Program -
Component Tables," Revision 5. Procedure 73DP-8XI01 identified that the HPSI pump
discharge check valves were classified as Category C valves. This classification was
acceptable; however, NUREG-1482 also identified that for valves of this type that the licensee
should evaluate the consequences of reverse flow. This evaluation should consider: 1) the
loss of water from the system and connecting systems; 2) the effect that the [eakage might
have on components and piping downstream of the 'valve’ and 3) any increase in radiological

- exposure resulting from the leakage. The licensee had not performed evaluations of this type

until the current problems with the HPSI pump discharge check valves were identified. These
evaluations are discussed in Sections E1.1 and E1.2. At the conclusion of the onsite portion of
the inspection, the licensee was evaluating whether the HPSI pump discharge check valves
should be re-classified as Category A in the IST program.

Conclusions

The IST program was ineffective at demonstrating operability of the HPSI pump dlscharge
check valves. -

Il Engineering

Conduct of Engineering
HPSI System Degraded Condition Review

Inspection Scope

To review the HPSI system degraded condition, the inspectors toured relevant areas of the
facility including the auxiliary building, control room, and maintenance shop. The inspectors
also conducted interviews with licensee personnel, reviewed selected procedures,
calculations, maintenance packages, OEAs, and corrective action documents, and reviewed
the licensee's investigation report and LER 50-528/-529/-630/98-006.

QObservations and Findings

1997 Unit 2 Qutages

On October 28, 1997, during Unit 2 restoration prior to startup from a forced outage, operators
were performing Procedure 400P-9S102, "Recovery from Shutdown Cooling to Normal
Operating Lineup," Revision 14, Section 7.0, "Boration Of Cold Leg Injection Lines," using the
Train "A" HPSI pump. During the evolution, pressure and water level in SIT 1A decreased
unexpectedly when Valve SIB-UV638, the SIT 1,a, check valve leakage line isolation valve,
was opened to establish a recirculation path for the 1A injection line. The reactor operator
closed Valve SIB-UV638, which terminated the loss of inventory, and restored the SIT
pressure. The onshift crew contacted engineering personnel, who determined the cause of the
loss of inventory in SIT 1A was leakage past Valve 2PSIB-V405, the Train "B" HPSI pump
discharge check valve, to the RWT.
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w'ne engineering personnel reviewed the results of the previously performed reverse exercise test of
Valve 2PSIB-V405, conducted during the previous refueling outage in accordance with Procedure -
73ST-9X133, and identified that the check valve was found to have a leakrate.of approximately 30
gpm. This test had been performed to satisfy the IST program requirements. As stated previously in
Section M1.2, the refueling outage test was accepted because adequate forward flow to the RCS
was obtained when the HPSI trains were cross connected but there was no explicit acceptance
criterion for reverse flow through the check valve. Therefore, the operators concluded that this
amount of reverse flow did not prevent the HPSI system from performing its design function and plant
startup continued. The onshift crew initiated CRDR 2-7-0420 to evaluate a procedure change to alert
operators of the potential to affect SIT level when performing the cold-leg boration evolution.

The check valve leakage caused a depressurization of the loop injection piping during the cold-leg
boration to approximately 600 psig and the SIT began to discharge as designed. The licensee
documented in the CRDR that the condition could have been identified before if operations had

. questioned why safety injection header pressure did not respond as expected during the cold-leg
recirculation line-up prior to opening SIB-UV638. The safety injection header pressure should have
not decreased below SIT pressure and the SIT should not have discharged. The CRDR also
documented that, "Operations noted the response to PI-339 [safety injection header, pressure] was
not normal, however, they ‘were unable to explain the condition so the procedure was continued."

The CRDR also contained a reference to a similar event, which occurred on October 10, 1997,
during plant restoration prior to startup from the previous refueling outage. Again, SIT level
Qecreased during the performance of Procedure 400P-95102, Section 7.0 with the Train *A" HPSI
ump. In that particular instance, the decrease in level was terminated by the reactor operator
closing the Train “B" injection valve and isolating the trains. This similar example was highlighted in
the CRDR because the same crew was on duty when each SIT transient occurred during the cold-leg
boration evolution. The crew did not request engineering assistance to evaluate the SIT level
transient and the crew did not conclude that Valve 2PSIB-V405 was leaking. Reactor startup
- activities continued and the reactor was made critical later that day. With respect to the October 10,
1997, event, operations personnel had concluded that the unexpected loss of SIT inventory was
caused by an "eductor effect,” which caused a localized low pressure condition at the SIT outlet
during HPSI cold-leg recirculation, and that the condition should have been expected. The inspectors
did not consider this to be a plausible explanation because of the high localized pressure drop that
would be required to decrease pressure below SIT pressure. ‘

The inspectors reviewed control room and Unit logs for October 10 and 28, 1997, and identified that
no log entries were made regarding the SIT level decreases. The licensee's Procedure 40DP-

' 9OP22, "Operations Logkeeping," Revision 9, Step 3.3.5 stated, in part, "The information entered in
the Control Room Log shall include... abnormal occurrences, unless previously logged and identified
by an active corrective action document." The licensee did not®-agree with the inspectors' |
characterization that the SIT level transients were abnormal occurrences. The inspectors determined

that the
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licensee's procedures did not exempt the conditions experienced on October 10 and 28 from
being logged in accordance with the logkeeping procedure. Therefore, the inspectors
concluded that the failure to log the abnormal SIT level transients that occurred on October 10
and 28, 1997, were two examples of an apparent violation of TS 6.8.1, which required
adherence to Procedure 40DP-90P22 (50-528/-529/-530/9814-02).

While the licensee identified a check valve reverse leakage problem as documented in CRDR
2-7-0420 on October 28, 1997, they failed to take prompt corrective actions to resolve the
problem. 10 CFR Part 50, Appendix B, Criterion XVI, "Corrective Action," requires that
measures shall be established to assure that conditions adverse to quality are promptly
identified and corrected and in the case of significant conditions adverse to, quality that the
measures shall assure that the cause of the condition is determined and corrective action
taken to preclude repetition. The inspectors considered the October 10 and 28, 1997, Unit 2
SIT drain events to have been occurrences where; a significant condition adverse to quality
(excessive reverse flow through Valve 2PSIB-V405) was not promptly identified and corrected.
These were considered the first two examples of an apparent violation of 10 CFR Part 50,

‘Appendix B, Criterion XVI (50-528/-529/-530/9814-03).

. During the evaluation and resolution of CRDR 2-7-0420, the licensee concluded that a 20

gpm check valve reverse leak rate acceptance criterion should be sufficient to prevent
unacceptable HPSI flow diversion. This conclusion was not based upon a rigorous calculation
of the impact of flow diversion; rather, it was based on a review of leakage acceptance criteria
for some check valves in the LPSI system and the methodology employed to'select their.
leakage acceptance criteria. Procedure 73ST-9XI33 was changed in Revision 9 to include the
explicit acceptance criteria of either: 1) less than 20 gpm difference between the sum of hot
and cold-leg injection flow rates before and after the HPSI trains were cross connected; or 2)
hot-leg injection flow greater than or equal to 525 gpm, cold-leg injection flow greater than or
equal to 525 gpm, and total HPSI flow less than or equal to 1200 gpm. The forward-flow
acceptance criteria were consistent with the surveillance requirements in TS 4.5.2.h. -

Conclusions

The inspectors concluded that the licensee had an opportunity to detect the flow diversion

-through Valve 2PSIB-V405 on October 10, 1997; however, the operators failed to identify the

cause of unexpected decrease in SIT level. On October 28, the licensee identified the
condition but did not take effective corrective action because of an incorrect assessment of
the operability implications. Two examples of an apparent violation were identified for the
failure to make log entries for the SIT level decreases, which occurred on two separate
occasions while performing the cold-leg boration process. Two examples of an apparent
violation were identified for inadequate corrective action to identify and correct a significant
condition adverse to quality. '
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1998 Unit 1 hefueling Outage and Subsequent Operation

\ Ori April 9, 1998, the licensee had indication of excessive reverse flow through Valve 1PSIA-

V404 during performance of Procedure 73ST-9X133. The control room recsived an
unexpected equipment drain tank (EDT) high level alarm and the test was suspended. The
licensee concluded that reverse-direction flow through the check valve pressurized the Train
"A" ECCS suction piping and the Train "A" containment spray (cs) pump discharge piping to
the 650 psig setpoint of Valve 1JSIA-PSV194, the Train "A" shutdown cooling heat exchanger
(SDCHX) outlet relief valve. The leak rate through Valve 1 PSIA-V404 was initially estimated
to be 85 gpm. On April 10, 1998, the licensee initiated CRDR 1-8-0238 to document the event
and classified the CRDR as "significant" with action requests to perform an equipment root
cause of failure evaluation and reportability determination. During a subsequent engineering
evaluation, the licensee estimated that the event resulted in relief valve blowdown to the EDT
at a flow rate of approximately 120 gpm and a total leak rate through Valve 1 PSIA-V404 of
approximately 214 gpm. The licensee also concluded that the valve body and disc had been
in a misaligned condition for the entire previous operating cycle and likely had been
misaligned since the last time maintenance was performed on the valve on May 1, 1992. At
that time, the licensee had not yet incorporated additional guidance for addressing vertical
misalignment concerns for Borg-Wamer check valves in the maintenance. procedure The
licensee's review and implementation of in-house and industry operating expenence is
duscussed in Section E1.4 of this report.

The licensee performed Operability Determination (OD) 203 to evaluate the operability impact
of the inadvertent pressurization. The OD evaluated the pressure rating and ASME Code
allowables for stresses of piping and system components in the HPSI and CS suction piping,
CS discharge piping, and SDCHX. The OD concluded that the piping and components
remained operable on the basis of not exceeding ASME Code allowable stresses for the
suction piping, not exceeding the design pressure for the CS discharge piping, and not
exceeding the pressure rating of valves or flanges in the suction piping. The licensee also
performed a system walkdown with the HPSI and CS pumps operating to examine
performance of the pump seals and pipe flanges. No leaks were identified and no pipe
supports exhibited signs of water hammer. The inspectors reviewed the OD and concluded

. that the licensee's evaluation of system operability was acceptable.

- Maintenance technicians disassembled and inspected Valve 1PSIA-V404 via Work Order (wo)

836600 and Procedure 31MT-92ZZ17 on April 10, 1998. With engineering support, the
technicians determined that a vertical offset existed in the alignment of the valve disc with
respect to the valve body. The licensee concluded that the valve disc had been located too
high in the body of the valve and that the disc needed to be lowered approximately 0.5 inch.
Personnel reverified the calculation for the desired vertical dimensions, but did not
independently verify the measurement of the dimensions. The technicians made a
measurement error that resulted in an incorrect determination of the magnitude of the vertical
offset. Maintenance and engineering personnel concluded that a spacer ring would have to be
installed to adjust the height of the disc. Therefore, WO 836600 was amended to Deficiency
Work Order (DFWO) 836600 to install a carbon steel spacer ring between the silver plated
pressure
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seal ring and the threaded retaining ring to compensate for the vertical offset. Longer bonnet studs
were also required to accommodate the spacer. Installation of the spacer ring resulted in the valve
disc being located too low within the body of the valve to seat properly. The failure to correctly
assemble the check valve to correct the reverse leakage condition was considered to be the third
example of an apparent violation of 10 CFR Part 50, Appendlx B, Criterion XVI (50-528/-529/-
530/9814-03).

A DFWO was the licensee's method for which degraded and nonconforming conditions requiring
engineering direction were dispositioned and corrected. The licensee considered the DFWO a
design change and completed a 10 CFR 50.59 safety evaluation to document that the change did not
involve an unreviewed safety question. The inspectors reviewed the DFWO and concluded that it
included an adequate evaluation of the acceptability of these subcomponents in the valve. The
inspectors asked if any as-built drawings were revised to reflect the implementation of the DFWO
and were informed that the design documents were not changed nor were they planned to be
changed. The inspectors were concemed that installation of the spacer and replacement of the
bonnet studs without updating any design documentation was representative of inadequate design,
control. The licensee informed the inspectors that when a maintenance planner reviews the
maintenance history of a component as part of work package preparation, the maintenance history
would reveal that subcomponents had been installed or replaced such as the spacer and studs for
Valve 1PSIA-V404. The licensee, upon further evaluation, initiated CRDR 9-8-0893 to address this
issue. NRC review of CRDR 9-8-0893 is considered to be an unresolved item (URI) (50-528/-529/-
530/9814-04). Procedure 73ST-9X133 required full HPSI flow with the reactor vessel head removed.
On April 11, 1998, after completion of the DFWO, the reactor vessel head had been reinstalled.
Therefore, plant conditions did not allow the normal, forward flow test to be performed. An altemate
test method was developed in Revision 10 of

Procedure 73ST-9XI33 using demineralized water to pressurize the down stream side of the check
valve and opening a drain valve on the upstream side of the valve to determine reverse flow. On
completion of the test, Valve 1PSIA-V404 was declared operable with a measured leak rate of 18
gpm at a test pressure of 96 psig. The leak rate exceeded an administrative limit of 10 gpm, which in
accordance with the test procedure, required the initiation of a work request. The inspectors verified
that Work Request 941341 was initiated to repair the valve during the next outage. The licensee
informed the inspectors that it had accepted these test results as satisfactory because they assumed
that reverse-flow leakage would decrease when HPSI pump discharge pressure from the opposite
train improved the valve disc-to-body seat contact during system operation.

On May 7, 1998, the licensee determined during its investigation of CRDR 1-8-0238 that the as-
found condition of Vaive 1PSIA-V404 on April 9, 1998, represented a condition that would have

‘prevented it from performing its intended function during an accident. The licensee concluded that

this event was reportable to the NRC per 10 CFR 50.73 and submitted LER 50-528/98-006 on June
5, 1998. The results and consequences of this assessment are discussed in Section E1.2.
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Technical Specification 3.5.2 requires in Modes 1,2, and 3, that two independent ECCS
subsystems shall be operable with each subsystem comprised of one ,operable HPSI pump,
one operable LPSI pump, and an independent operable flow path. Action statement a.
associated with TS 3.5.2 required that with one ECCS subsystem inoperable, restore the
inoperable subsystem to operable status within 72 hours or be in at least hot standby within
the next 6 hours and in hot shutdown within the following 6 hours. As discussed earlier, Valve
1 PSIA-V404 was installed incorrectly and did not have correct vertical disc alignment from
May 1, 1992, until May 15, 1998. Therefore, Train "B" of the Unit 1 ECCS did not have an
independent operable flow path from May 1, 1992, until May 15, 1998, and the licensee did
not comply with Action a. of TS 3.5.2. This was considered to be the first example of an
apparent 'violation of TS 3.5.2 (50-528/-529/-530/9814-05).

Conclusions

The April 1998, Unit 1 refusling outage test results demonstrated that Valve 1 PSIA-V404 was
in a significantly degraded condition. The maintenance history for the subject valve indicated
that it had been in that condition since 1992. An example of an apparent violation of 10 CFR
Part 50, Appendix B, Criterion XVI was identified for failure to correct the problem with Valve 1
PSIA-V404 during maintenance. An incorrect interpretation of the 18 gpm April 11, 1998, post-
maintenance testing results, contributed to continued operation with an inoperable valve. An
example of an apparent violation of TS 3.5.2 was identified for having an inoperable
independent HPSI flowpath for approximately 6 years.

nline Corrective Maintenance of Valve 1PSIA-V404

On May 13, 1998, as part of the CRDR 1-8-0238 review, the check valve engineer reviewed
measurements of a spare Borg-Wamer check valve and discussed the maintenance
procedure and spacer installation with maintenance technicians. The engineer determined
that a measurement error may have occurred during the April 1998 maintenance on Valve 1
PSIA-V404, resulting in a vertical disc-to-body misalignment.

The test methodology that was used in Procedure 73ST-9XI33, Revision 10, was extracted
and placed in Procedure 73ST-9XI35, Revision 0. Since the Unit 1 refueling outage,
engineering personnel had determined that a new acceptance criterion of 30 gpm reverse flow
through Valve 1PSIA-V404 would still maintain acceptable HPSI forward flow for system
operability. This was based on an evaluation of the operating performance of the HPSI pumps
and system flow characteristics. Procedure 73ST-9X135, Revision 0 contained the 30 gpm
acceptance criterion. On May 14, 1938, the licensee performed the test on Valve 1PSIA-V404
and it failed with an as-found result of 33 gpm at a differential pressure of 95 psid. The
licensee made a one-hour 10 CFR 50.72 notification to the NRC to report that this was a
condition outside the design basis of the facility.

After the failed test, the licensee disassembled the \;alve, removed the spacer ring in
accordance with WO 840712, and verified that the disc was misaligned in the valve body. The
maintenance technicians performed an inspection and exercised the valve
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internals per WO 840826 and Procedure 73ST-92Z25. The technicians then attached a
stainless steel wire to the swing arm of the valve, installed the intemnals with the wire

- extending outside the valve body (without the silver seal gasket installed), and set the bonnet

height.to the desired vertical dimension. When this was dons, the technicians stroked the
valve by pulling on the wire until a metallic noise was heard, indicating that the disc had
contacted the backstop. This provided an additional indication that the valve was free to
stroke. The technicians then removed the wire and reassembled the valve with the silver seal
to the correct vertical dimensions.

The inspectors noted that WO 840712 was written to disassemble, rework, and reassemble
Valve 1PSIA-V404. There were no instructions included to remove the spacer ring. The
inspectors asked whether a special WO or WO amendment was required prior to the removal
of the spacer ring and whether removing the spacer ring was a design change, as was the
case previously for the installation of the spacer ring. The licensee stated that they considered
the removal of the spacer to be a rework activity and not a design change. Rework was
defined as the process by which a degraded or nonconforming item is made to conform to a
prior specified design requirement by completion, machining, reassembly, replacing, or other
corrective measures. The inspectors noted that the materials list for Valve 1PSIA-V404 that
was attached to WO 840712 had not been updated to reflect the installation of the new bonnet
studs or spacer ring. This issue will be reviewed as part of URI 50-528/-529/-530/9814-04 to
determine whether the licensee implemented adequate design control.

After reassembly of Valve 1PSIA-V404 without the spacer ring, operations performed
Procedure 73ST-9XI35, Revision | on May 15, 1998, and the valve passed its reverse flow
test with a result of 0 gpm at 142 'psid.

Conclusions

The questioning attitude of the check valve engineer was instrumental to the identification of
the misalignment of Valve 1 PSIA-V404. Corrective actions were taken to restore the valve to
an operable condition.

Inoperability of Valve 2PS1B-V405

After the April 1998 test failure of the Unit 1 Valve 1PSIA-V404, the licensee initiated CRDR 2-
8-0128 and OD No. 204 to evaluate the operability impact of this condition for Units 2 and 3.
Included in this evaluation was a review of past HPSI full flow test results conducted during
the previous refueling outages and measurement of external valve dimensions. On May 14,
1998, as a result of this review and the results of the Unit 1 testing performed the previous
day, engineering and maintenance personnel determined that Valve 2PSIB-V405 was
misaligned. Engineering recommended to operations in Memorandum 469-00170-B JR that
the valve be declared inoperable, that reverse flow testing be performed, and that corrective
maintenance and post-maintenance testing be performed. The inspectors noted thatthe |
memorandum only addressed operability of Valve 2PSIB-V405 and did not address operablhty

of the entire HPSI system.
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The operators declared the Unit 2 Train "B" HPSI pump inoperable based on the
recommendation of the memorandum from engineering~_The inspectors noted that this was
not consistent with the memorandum, which recommended that the Train "B" valve, not the -
Train "B* pump, be declared inoperable. The impact of reverse flow through Valve 2PSIB-
V405 on operability of the Train "A* HPSI system flowpath was not addressed in the Unit 2
log. The licensee informed the inspectors that the Unit 2 log entry only addressed the
inoperability of Train *B" because the operators were preparing to perform testing and
maintenance on the Train "B" valve, which required removing the Train "B" HPSI system from

- service—Fhis-inoperablelf this check valve was known to be inoperable it would have®

required that the opposite HPSI train flowpath be declared inoperable, if the trains were not
isolated, because of the safety function of the valve to close and prevent diversion of flow
from the RCS.

The licensee performed Procedure 73ST-9X135 to measure the as-found condition of Valve
2PSIB-V405 on May 15, 1998. The test results indicated a reverse flow rate through the valve
of 37.5 gpm at a differential pressure of 6 psid. As discussed in'Section E1.2, this amount of
reverse flow would prevent the HPSI system from meeting the minimum-required ECCS
performance assumed in the safety analysis during a LOCA. The licensee issued WO 836005 .
to disassemble the valve and verified that the vertical alignment of the disc within the body of
the valve was too low and had caused the disc to hang in a cocked-open position. The valve
alignment was corrected and the valve was retested in a manner similar to that discussed
above for Valve 1PSIA-V404. The retest of Valve 2PSIB-V405 passed with a leakage rate of 0
gpm at 150 psid and the system was declared operable on May 16, 1998. As discussed
earlier, Valve 2PSIB-V405 was installed incorrectly and did not have correct vertical disc
alignment from April 14, 1993, until May 16, 1998. Therefore, Train "A" of the Unit 2 ECCS did
not have an independent operable flow path from April 14, 1993, until May 16, 1998, and the
licensee did not comply with Action a. of TS 3.5.2. This was considered o be a second
example of an apparent violation of TS 3.5.2 (50-528/-529/-530/9814-05).

Conclusions

Licensee personnel successfully evaluated and confirmed that Valve 2PSIB-V405 was
misaligned and corrective actions were taken to restore the valve to an operable condition.
Testing results demonstrated that the valve was in a significantly degraded condition and the
maintenance history for the subject valve indicated that it had been in that condition since
1993. The inspectors considered the communication between engineering and operations a
weakness, as demonstrated by the May 14, 1998, memorandum from engineering, which did
not provide a recommendation regarding HPSI system operability. An example of an apparent
violation of TS 3.5.2 was identified.
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Testing and Vertical Dimension Optimization of Remaining Valves

The licensee performed reverse flow tests of the four remaining HPSI pump discharge check
valves. All of the valves passed the 73ST-9X135 test with O gpm reverse flow. Based on
external dimension measurements and a review of prévious forward-flow surveillance tests
performed during refueling outages, the licensee concluded that two of the four valves, Valves
3PSIB-V405 and 1PSIB-V405, should be reworked for "vertical dimension optimization."

Valve 3PSIB-V408 was disassembled, inspected, reassembled to a new desired vertical
dimension, and retested with 0 gpm reverse flow on May 18, 1998. When Valve 1PSIB-V405
was inspected and reassembled to the desired dimension on May 26, 1998, maintenance
technicians discovered that the disc was not seating ‘properly. The technicians discovered that
the seat angle of the valve was different than expected. Instead of an expected seat angle of _
12 degrees, the licensee discovered that this valve had a seat angle of 5 degrees. The
licensee contacted the vendor and was informed that all 4-inch Borg-Warner hung-bonnet

' pressure-seal valves were supplied with a 12-degree seat angle. The inspectors questioned

the licensee regarding the procurement process and quality assurance receipt inspection for
the subject valve. After further investigation, the licensee determined that the vendor
implemented a design change in 1980 that changed the seat angle from 5 to 12 degrees.
Valve 1PSIB-V405 was procured in 1979 and was the only HPSI pump discharge check valve
that was built prior to the vendor design change. Therefore, its seat angle was correct. The
licensee documented this condition in DFWO 842362. The inspectors will review the issue of
updating design documents regarding this condition as part of the URI regarding design
control (50-528/-529/-530/9814-04). The licensee calculated a revised vertical dimension to
account for the different seat angle, reassembled the valve and successfully retested the
valve with no reverse flow on May 27, 1998,

Conclusions

Licensee personnel successfully confirmed that the remaining four HPSI pump discharge
check valves were operable by performing reverse-flow tests. Testing performed after
maintenance confirmed that the valves remained operable. The licensee adequately
demonstrated that one of the valves (Valve 1PSIB-V405) that had an unexpected seat angle,
was acceptable for its application and was also operable.

Assessment of As-found Conditions

Inspection Scope

The inspectors reviewed calculations and test results and ir;térviewed engineering personnel
to determine the safety and regulatory implications of the as-found degraded condition of the
Unit 1 and Unit 2 HPSI systems. ‘
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bservations and Findings

Check Valve Leakage and Degraded HPSI System Performance

The inspectors reviewed Calculation 13-MA-SI-982, "Evaluation of Allowable Leak Rate
Criteria for 1,2,3PSIA-V404 and 1,2,3PSIB-V405/Assessment of As-Found Leakage for
2PSIB-V405/1PSIA-V404," Revision 0 and Calculation 13-MC-SI-215, "Revised Single HPSI
Pump Delivery Curve for Cold Leg Injection and Flow Rate Requirements for Technical
Specification 4.5.2.h," Revision 1. In Calculation 13-MA-SI-982, the licensee performed a
best-estimate evaluation of the current as-built HPS| system delivery profile for each HPSI
pump based on historical system performance data and compared the resuitant delivery
profiles to the minimum-required HPSI system delivery profile identified in Calculation 13MC-
S1-215 that was used in the LOCA safety analyses. The margin between the as-built HPSI
system delivery capability and the minimum-required HPSI system delivery used in the LOCA
analyses was used to estimate a maximum allowable leakage profile for the opposite-train
HPSI pump discharge check valve. The results indicated that the most limiting system was
Train "B" in Unit 3. A maximum leakage rate of 10.2 gpm at 40 psid was determined for Vaive
3PSIA-V404, the opposite-train HPSI pump discharge check valve, to ensure that the Train "B"
HPSI system would meet its minimum performance requirements. ‘

The licensee also evaluated the April 9, 1998, as-found condition of Valve 1PSIA-V404 and
the May 15, 1998, as-found condition of Valve 2PSIB-V405 in Calculation 13-MA-SI-982. This
evaluation concluded that the actual reverse flow rate through Valve 1PSIA-V404 during the-
performance of the Procedure 73ST-9X133, forward-flow HPSI refueling outage test, was
approximately 214 gpm. Because this test had not been intended to obtain direct differential
pressure measurements, it did not provide sufficient data to quantify a HPSI performance
curve. However, the licensee had enough information to conclude that the results were -

" qualitatively similar to the results obtained for, the Unit 2 valve as described below.

Valve 2PSIB-V405 had an as-found reverse leakage test result of 37 gpm at 6 psid. The
licensee calculated.an as-found loss coefficient for the subject valve and developed a HPSI
delivery curve that accounted for leakage through Valve 2PSIB-V405.- The as-found degraded
HPSI delivery curve and the minimum-required ECCS delivery curve are depicted in
Attachment 3. As shown, the estimated as-found HPSI delivery capability was significantly
degraded compared to the minimum-required HPS! delivery performance that was assumed in
the LOCA analyses. For example, at an RCS pressure of 1200 psig, the estimated HPSI flow
rate was approximately 350 gpm less than the flow rate assumed in the LOCA analyses. The
licensee concluded that the results for Unit 1 were comparable.




‘Eingle Failure Consideration

The licensee identified in Calculation 13-MA-SI-982 that the initial evaluation of the April 9, 1998,
Unit 1 refueling outage eventincluded assessments of ECCS suction piping overpressurization,
degraded HPSI performance, dose consequences, and impact on containment sump level following a
LOCA. The licensee determined that degraded HPSI performance (due to failure of a HPSI pump to
start) was the most limiting factor with which to assess the safety significance of the condition.

The inspectors questioned the basis for the licensee's conclusion. The inspectors considered the
failure of an emergency diesel generator (EDG) during a LOCA coincident with a loss-of-offsite
power to be the most limiting single failure for consideration since none of the ECCS pumps in the
affected train would be operating. (The licensee documented in the calculation that if the LPSI and
CS pumps associated with an idle HPSI pump were running, the ECCS suction piping would not be
overpressurized as occurred on April 9, 1998, when the SDCHX relief valve lifted).

The licensee noted that failure of an EDG to start would not be a concem because the RCS loop
injection valves associated with the failed EDG would not open and cross connect the HPSI trains.
However, the inspectors noted that under a condition where an EDG failed to continue running after
the RCS loop injection valves had opened dus to a safety injection actuation signal, a flow path
would be established to pressurize the ECCS suction piping and containment spray pump discharge
piping to the SDCHX relief valve setpoint as occurred during the April 9, 1998, Unit 1 test. The
inspectors also noted that this event created a release path via the vented RWT through the HPSI
pump minimum flow line and a loss of water inventory to the auxiliary building via the SDCHX relief

alve and should be evaluated. The licensee stated that it considered this possible event scenario
but determined that it was not necessary to consider the failure of a component to continue running
as an assumed single failure.

Section 6.3.1, "ECCS Design Bases," of the UFSAR states that, "Adequate physical separation shall
be maintained between the redundant piping paths and containment penetrations of the SIS (safety
injection system) such that the SIS will meet its functional requirements even with the failure of a
single active'component during the injection mode; or with a single active failure or a limited leakage
passive failure; during the recirculation mode."

The bases for TS 3/4.5.2 and 3/4.5.3, "ECCS Subsystems," states, "The operability of two separate
and independent ECCS subsystems with the indicated RCS pressure greater than or equal to 1837
psia, or with the indicated RCS cold-leg temperature greater than or equal to 485 °F ensures that
sufficient emergency core cooling capability will be available in the event of a LOCA assuming the
loss of one subsystem through any single failure consideration."

The inspectors reviewed ANS-51.7/N658-1976, "Single Failure Criteria. for PWR Fluid Systems,"
ANSI/ANS-58.9-1981, "Single Failure Criteria for Light Water Reactor Safety-Related Fluid
Systems," and NRC SECY 77-439, "Single Failure Criterion." The inspectors concluded that
guidance existed for application of the single failure criterion

%
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Qhat required the proposition that single failures can occur at any time. Therefore, the inspectors
concluded that the licensee should have demonstrated that its assessment of consequences had
assumed the most limiting single failure.

Online Maintenance

The inspectors asked the licensee if they had performed online maintenance of the HPSI system
involving system configurations consisting of an inoperable HPSI pump, the associated discharge
isolation valve open, and'the associated RCS injection valves operable (i.e., would open on a safety-
injection actuation signal). The inspectors also asked if the licensee had considered this
configuration as a system vulnerability in its event investigation. The licensee reviewed its -
maintenance rule database and provided the inspectors a list dating back to 1994, that identified
several occasions when online HPSI maintenance was performed that matched this system
configuration. The inspectors were concerned that during these online maintenance periods, a single
failure was not necessary for degraded HPSI performance during a postulated accident. The
inspectors concluded that during these periods of maintenance on the Unit 1 Train "A" HPS! system
and Unit 2 Train "B" HPS! system (the trains with the reverse leakage check valves) the licensee was
in a condition prohibited by the TSs and that TS 3.0.3 required a unit shutdown. The licensee
informed the inspectors that it had not evaluated this system configuration as a vulnerability in its
event investigation.

The inspectors reviewed the out-of-service data provided by the licensee and noted that the
maintenance activities generally consisted of minor preventive maintenance including oil changes,
and valve and breaker maintenance. With respect to maintenance on the Unit 1 Train "A" HPSI °
system (associated with Valve 1PSIA-V404) and Unit 2 Train "B" HPSI system (associated with
Valve 2PSIB-V405) the length of time for each occurrence ranged from as short as 0.92 hours to as
long as 19.58 hours.

The out-of-service data indicated that the Unit 1 Train "A" HPSI pump 'was unavailable when the unit
was operating in Mode | on September 4, 19396, for 19.58 hours and that no documentation was
available to demonstrate that Train "A" was isolated from Train "B." Therefore, the inspectors .
determined that Unit 1-did not have any independent ECCS subsystem operable when Train "A" of
the HPSI system was out of service without isolation from Train "B" of the HPSI system, and Valve 1 -
PSIA-V404 was inoperable. Action was not initiated to place the Unit in hot standby within 7 hours as
required by TS 3.0.3. This was considered to be the second example of an apparent violation of TS
3.0.3 (50-528/-529/-530/9814-01).

The out-of-service data also indicated that the Unit 2 Train "B" HPSI pump was unavailable when the
unit was operating in Mode 1 on October 21, 1994, for 19.8 hours. In this case, a clearance order for
WO 6773826 identified that a clearance had been in effect during this period of time that closed the
Train "B" HPSI pump discharge isolation valve. The exact length of time that the isolation valve was
closed was indeterminate. The inspectors were able to conclude that the isolation valve was closed
from between 2.5 to 6.25 hours. When the clearance order was cleared, the Train "B" HPSI pump
discharge isolation valve was opened and the Train "B" HPSI pump was still unavailable due to other
maintenance. The inspectors determined that Train "B" of the HPSI system
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was unavailable during the maintenance activity and was not isolated from Train "A" for a
period of 13.5 to 17.3 hours. Therefore, Unit 2 did not have any independent ECCS
subsystem operable for a period in excess of 7 hours when Train "B" of the HPSI system was
out of service without isolation from Train "A" of the HPSI ,.system, and Valve 2PSIB-V405
was inoperable. Action was not initiated to place the Unit in Hot Standby within 7 hours as
required by TS 3.0.3. This was considered to be the third example of an apparent violation of
TS 3.0.3 (50-528/-529/-530/9814-01).

* All other examples 'of online maintenance of the Unit 1 Train "A" HPSI system and the Unit 2

Train "B" HPSI system were less than 7 hours in duration. Therefore, while the completion of a
unit mode change was riot required, the licensee failed to recognize the applicability of TS
3.0.3.

Conclusions

¢

The misalignment of the Unit 1 and Unit 2 HPSI pump discharge check valves placed the units
in a significantly degraded and vulnerable condition with respect to the capability to mitigate
the consequences of a LOCA. Two examples of an apparent violation of TS 3.0.3 were
identified. ‘

Assessment of Generic Implications

Inspection Scopse

The inspectors.reviewed licensee investigation reports, surveillance procedures, and
maintenance procedures to determine whether the licensee had adequately addressed the
issues of check valve misalignment and inadequate testing practices with respect to other
safety-related valves.

Observations and Findings

The inspectors questioned whether the licensee had evaluated the generic aspects of the
misaligned HPSI pump discharge check valves relative to other safety-related valves. The
licensee had performed a study of other check valves. There were 27 Borg-Warner pressure-
seal, bonnet-hung check valves installed in each of the three units. None of the valves in this
population except for the two HPSI pump discharge check valves per unit had the welded-
neck design that appeared most susceptible to the disc-cocking phenomenon. Valves with a
forged-neck design did not have vertical alignment variability similar to welded-neck models.
The licensee performed a review of the closed-direction exercise tests for the remaining 25
valves per unit and concluded that the testing performed on each valve adequately
demonstrated operability. The licensee also examined a 3-inch valve in the maintenance shop
and was unable to reproduce the disc-cocking phenomenon, even with the bonnet retaining
ring threaded fully into the valve body. During the inspection, the licensee also initiated a
generic review of check valve testing practices to evaluate the adequacy of testing.

The inspectors selected a sample of valves to verify that the surveillance tests were adequate
to demonstrate valve closure. The valves chosen for this review were the
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LPSI cold-leg injection valves (xSIE-V114, xSIE-V124, xSIE-V134, and'xSIE-V144, where 'X' is
the unit designator) and their associated test, Procedure 73ST-9SI105, "Leak Test of
HPSI/LPSI Containment Isolation Check Valves," Revision 4. The test methodology involved
pressurizing the downstream side of the valves with a HPSI pump or a hydro test pump and
measuring the leak rate on the upstream side. The inspectors determined that the surveillance
test was adequate to verify check valve closure. N

Conclusions

The licensee adequately addressed the generic implications of the misalignment issue to
other pressure-seal, bonnet-hung check valves to conclude that no additional operability
concems existed. : .

In-house and Indust EAs

Inspection Scope

The inspectors reviewed licensee in-house and industry OEAs pertinent to the HPSI pump
discharge check valves. ‘

Observations and Findings

NRC IN 88-70. "Check Valve Inservice Testing Program Deficiencies"

In its January 12, 1989, evaluation of NRC IN 88-70, the licensee identified that reverse flow
testing of several check valves, including HPSI pump discharge check Valves 1PSIA-V404
and 2PSIB-V405, was not performed. However, the licensee concluded that because they had
an NRC-approved. IST program, any changes the program were considered enhancements.
The licensee did not give this item a high priority and a due date to add these tests to the
program was established for 1996. The licensee's quality assurance organization conducted
an audit of the check valve programs in 1992, concluded that this schedule for action was
untimely, and identified this as'a finding. As corrective action, the licensee initiated action to

" revise the IST program to include reverse flow testing of the subject valves. Surveillance

Procedure 73ST-xXI29, "Section Xl Check Valve Operability Verification - Mode 6 - Full
Stroke Testing of Safety Injection Check Valves," was approved on July 26, 1992, to conduct
the test. The test methodology consisted of measuring forward HPSI flow to the RCS via the
hot-leg injection flow path. The HPSI pump discharge check valves were considered operable
if an acceptable forward flow was measured to the RCS with one HPSI pump operating while
cross connected to the opposite train, but no explicit acceptance criterion was included to
determine check valve reverse flow. .

10 CFR Part 50, Appendix B, Criterion XVI, "Corrective Action," required that measures shall
be established to assure that conditions adverse to quality are promptly identified and
corrected and in the case of significant conditions adverse to quality that the measures shall
assure that the cause of the condition is determined and corrective action taken to preclude
repetition. The test procedures developed in 1992, as a result of the January 12, 1989,
evaluation were not adequate to identify excessive reverse
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Qﬂow, a significant condition adverse to quality (excessive reverse flow through HPSI pump discharge
check valves). This was considered to be the fourth example of an apparent violation of 10 CFR Part
50, Appendix B, Criterion XVI (50-528/-529/-530/9814-03).

NRC IN 89-62, "Malfunction of Borg-Wamer Pressure Seal Bonnet Check Valves Qaused By Vertical
Misalignment of Disc"

The licensee performed a review of IN 89-62 and concluded that no action was required.
Engineering Action Requést (EAR) 89-1931, completed January 26, 1990,, concluded that the
vendor manuals were adequate and had the necessary steps to ensure original factory-established
seat/disc alignment. The licensee's initial screening, documented in an October 9, 1989,
memorandum correctly identified that vertical disc/seat misalignment due to incorrect retainer ring -
position resulted in the problem identified in the IN and that the vendor manual did not include
procedure steps for adjusting retainer ring position to achieve the correct alignment. The licensee
identified that a review would be performed of check valve maintenance procedures to determine
whether a similar problem existed. The licensee documented its evaluation conclusions in the EAR
and in a memorandum dated February 15, 1990. The licensee identified that their procedures
included instructions for match-marking the valve body and bonnet to ensure alignment of the disc
and seat. Therefore, the licensee concluded that procedures contained adequate instructions. This
conclusion addressed horizontal alignment concemns but did not consider the vertical misalignment
issue and the need to ensure correct retainer ring position.

its original conclusions were incorrect. The vendor had reviséd its technical manual in October 1990,
which included instructions for measurement of the vertical "A" dimension (top of retainer ringtotop
of valve body) before and after maintenance. Borg-Wamer issued a clarification to its Technical Alert
8809-77-001 (which addressed the vertical seat alignment issue) in a letter to the licensee dated July
8, 1992. The letter stated that the vertical alignment problem was limited to welded-neck check
~ valves (such as Valve 1PSIA-V404) and that the welding of the neck to the body had caused the

neck to shrink down, thus causing the bonnet disc assembly to sit lower in the valve body and
possibly not seat properly on the valve seat. The licensee issued Procedure 31MT-92Z17 on
November 30, 1992, which included the Borg-Warner technical alert instructions regarding
permanent match marks for horizontal orientation and measurement of the "A" dimension. The
licensee's February 15, 1990, evaluation failed to correct an inadequate maintenance procedure for
establishing the correct vertical alignment of the valve disc within the valve body of Borg-Warner
check valves. The resultant excessive reverse flow through HPSI pump discharge check valves was
considered to be a significant condition adverse to quality. This was considered to be the fifth
example of an apparent violation of 10 CFR Part 50, Appendix B, Criterion XVI (50-528/-529/-
530/9814-03).

‘n 1992, the licensee re-evaluated applicability of IN 89-62 and documented in CRDR 9-2-0412 that
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Conclusion

The inspectors considered the licensee’'s OEAs and corrective actions regarding Borg-Wamer
check valves to have been inadequate in preventing or detecting, in a timely manner,
significant conditions adverse to quality relative to the HPSI system. Two examples of an
apparent violation of 10 CFR Part 50, Appendix B, Criterion XVI, were identified.

Miscellaneous Engineering Issues

Review of Licensee's Followup and Significant Investigation Report
Inspection Scope

The iﬁspectors reviewed the licensee's activities to assess, evaluate, and correct the
degraded HPSI system and any potential impact on other safety-related systems. Included in

- the review was Significant Investigation Report CRDR 1-8-0238, "Excessive Leakage Through

HPS! Pump Discharge Check Valve 1PSIA-V404," Revision 0, June 10, 1998. The licensee
completed Revision 1 of the report on July 10, 1998, but the inspectors did not perform a
detailed review of the report because it was completed following the onsite portion of the
inspection.

bservations and Findings

CRDR 1-8-0238 was initiated to evaluate the April 9, 1998, failure of Valve 1PSIA-V404 to
satisfy its reverse-flow acceptance criteria. On April 10, 1998, the CRDR review committee
classified the subject CRDR as significant. An investigation team was assembled to evaluate
the event. The inspectors reviewed the licenses's significant investigation report dated June
10, 1998. The licensee performed a thorough historical review of past testing and
maintenance practices. The report identified the root cause of the failure of the check valve to
be attributed to a common-cause error in assembling the valves stemming from inadequate
maintenance instructions. Periodic surveillance testing was ineffective in identifying excessive
reverse flow. The root cause of the inadequate surveillance test was an ineffective testing
canfiguration developed by engineering. Missed opportunities to identify and correct problems
with the check valves also existed in the form of in-house and industry operating experience
reviews.

Revision 0 of the report identified the need for 20 corrective actions associated with this
event. As of June 12, 1998, three of the corrective actions had been completed. * schedule for
the remaining corrective actions had been developed with planned completion dates ranging
from June 21, 1998, through the Unit 3 1998, and Unit 2 1999, refueling outages.

The inspectors noted that the investigation did not identify any problems regarding operator
performance with respect to the October 1997, Unit 2 outages or the May 1998, entries into
TS 3.0.3. Also, the report did not evaluate the safety consequences
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of performing routine online maintenance of the Unit 1 and Unit 2 HPSI systems when the
HPSI trains were not isolated from each other.

_ The licensee informed the inspectors that additional assessment of the safety significance of
‘the degraded HPSI condition would be performed and the results of the assessment would be

documented in the LER supplement.

Conclusions

The licensee's investigation report was objective and provided a candid self-assessment of its
performance; however, it'did not evaluate inspector-identified issues in the areas of
operations or online maintenance.?

V_Management Meetings

_ Exit Meeting S"umrﬁary

The inspectors met with licensee representatives on June 11, 1998, to conduct a technical
debrief prior to leaving the site. Following additional in-office inspection, and telephonic
discussions of findirigs, the inspectors conducted an exit meeting with licensee
representatives on July 21, 1998. These representatives acknowledged the findings

- presented, but disagreed with the May 13, 1998, apparent violation of TS 3.0.3. The licensee

stated that operations recognized that Valve 1PSIA-V404 was in a degraded condition but
information existed to conclude that the valve was operable until testing could determine
otherwise. With respect to Unit 2, the licensee stated that operations also recognized that
Valve 2PSIB-V405 was in a degraded condition but information existed to conclude that the
valve was operable until testing could determine otherwise. g

The inspectors asked the licénsee representatives whether any materials examined during the
inspection should be considered proprietary. No proprietary information was identified.



le



! Operations had reasonable assurance, based on valid ST results to consider valve 1PSIA-V404 operable, however they
conservatively choose to test the valve due to concerns about the valve's performance

2 The deletion of the first TS 3.0.3 changes this statement.

3 Investigation report 180238 rev, 1 states “With the disc misaligned in this configuration, as the valve disc moved toward the seat,

upon cessation of flow, the upper edge of the valve disc could catch on_the inside upper edge of the body seat causing the disc to
hang up in the partially open position.” (Page 21 ERCFA) .

4 No event has occurred at PVNGS where a HPSI check valve has resulted in reduced HPSI injection flow. However, reduced HPSI
flow would have existed if a safety injection had been required and the HPSI check vale was cocked open with the associated HPSI

pump not running and injection valves open.

~

* The term “inoperable™ includes many potential problems. However, the cocked open check valve only presents a problem if the
associated HPSI pump is not running and the injection valves are open. This combination of conditions reduces the likelihood of a

problem,

¢ The term “jammed” implies the 'valve would not be able to operate in_the open or closed direction. The investigation report,
180238, uses the term *cocked” to describe the check valve condition where the valve would not fully close but has no effect on

opening the valve.

7 The Unit 2 log entry states, “Declared the ‘B* HPST pump inoperable based on information received from engineering (letter # 469
00170-BJR from Bruce Rash to Pete Borchert) that the discharge check valve, 2PSIBV405. may be in a condition that would allow
excessive back-leakage.” The inspection report statement is more definitive than what actually was thought by the operators at the
time ‘

® The term “repaired” is used to indicate a component may not have been returned to the original configuration but will perform its,
function. The term “rework” is used to indicate a component was returned to its original configuration. The change is made for
clarification since the Unit 2 valve was returned to its original configuration,

9 The wording used in the referenced document states, . . . it was determined bv Operations that there was sufficient evidence to
suggest the Ul 404 valve might no perform it's function and the valve was declared inop, pending testing.” The use of the term
“would” in the inspection report is misstated and conveys a more definite conclusion than what was stated in the document.

It should be noted that this document was not intended to be the official reportability determination. This document was written as a
personnel statement, by the Regulatory Consultant who made the ENS notification, at the request of the investigation team to
establish when and why actioiis were taken related to the HPSI check valve reportability.. .

Y The condition of reduced ow would only exist it the “A* HPSI pump was not_ running with the injection valves open.
-

1 Operations had reasonable assurance. based on valid ST results w consider valve 1PSIA-V404 operable, however they

conservatively choose o test the valve due 10 concerns about the valve's performance,

2 The LER makes no mention of why a log entry was not made. The change is made for clarification.

13 As noted in number 8 above. the statement in the reportability document is not as definitive as indicated in the inspection report
and therefore no contradiction exists. We believe the correction of the tacts as noted should change this conclusion

3 Operations had reasonable assurance. based on valid ST results to consider valve 1PSIA-V404 operable, however they
conservatively choose to test the valve due o concerns about the valve's performance.

"

1% Operations personnel have stated that the Unit 1 Iate entry into TS 3.0.3 was a conservative action taken until an_evaluation was
performed (o determine if the entry was required. CRDR 1802317 was initiated @t the time of the fate entry to have the condition
evaluiated.,

" The discharee check valve would onlv affect the operability of one train of HPSI not both. Since the valve would allow forward
flow through the valve the associated train operability would not be affected and a TS 3.0.3 entry would not be required at that time,







¥ This measurement was incorporated into the procedure as a result of vendor manual changes from IN 89.62,

0 The revision was an enhancement and not impact on valve performance. therefore no valve alignment review was required or
performed,

nit 3 V. ni”V4 were both di mbled and realigned as a result of our Check Valve Program prior to th
T re chan m 1994 V404 was ¢ ted of leaking ~ 95 mdurm rf rmance of the forw. r fl w Tm U%
" : Vi

d in i { 1} L di s
: HPSI valves (see g;RDg 9-4.0229) and found that Unit 2 V404 ST rguns had an indication of ~40 gnm leakage. This valve was

scheduled for ins ion and rework at the nex v1lablewm W It was realign nd resulte m reverse flow, The
other 4 valves all had ST results which indicate kage of 1 morl ._Additionall f th vlv h n_inspected

previously and there was no visual evidence of mi.ga'lignment, The procedure was subsequently changed as a result of these
inspections and cvaluations.

2 After further review the licensee does agree that the SIT events in October 1997 in Unit 2 were abnormal events.,

about the valve's performance

" The on line maintenance evaluation was included in the LER supplement, .
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The following is a summary of the NRC review of the comments provided by Arizona Public
Service Company regarding NRC Inspection Report 50-528/98-14; 50- 529/98 14;
50-530/98-14.

1. No revision. As discussed in the NRC's December 21, 1998, letter to Arizona Public
Service Company forwarding a Notice of Violation and Proposed Imposition of Civil
Penalty, the apparent violation involving failure to meet the 1-hour requirement of
Technical Specification 3.0.3 to make preparations to perform an orderly shutdown was
withdrawn. However, the NRC concluded that the circumstances surrounding the issue
revealed communication weaknesses between the operations and engineering
organizations and could have, under different circumstances, resulted in a situation in
which the requirements of the technical specifications would not have been satisfied. it
is not the NRC's practice to revise the inspection report in these situations because the
issue was characterized as an “apparent violation.”

2. No revision. See response to Item 1.

3. Report revised. Valve disc misalignment resulted in improper valve seating as identified
during testing. Misalignment could have resulted in reverse flow and reduced high-
pressure safety injection flow to the reactor coolant system during an accident.

4. Report revised. See response to Item 3.

o,

Report revised.
6. Report revised.
Report revised.

Report revised.

© © N

Report revised.

10. No revision. Assuming a single failure of a failed high-pressure safety injection pump,
the reverse flow leakage through the check valve would have resuited in reduced
injection flow.

11. Report revised.

12. Report revised.

13. Report revised.

14. No revision. See response to ltem 1.

15. Report revised. However, the control room log entry stated, “LCO 3.0.3 should have
been entered when both HPSI pumps became inoperable.” This documented that
operators had reached a conclusion regarding high-pressure safety injection system
operability and applicability of Technical Specification 3.0.3.







16.

17.
18.
19.
20.
21,
22,
23.

24.

. Report revised. However, the check valve has a safety function to close and a safety

function to open. In their memorandum to Operations, the engineering staff did not
differentiate between these two safety functions. Rather, the recommendation was
simply that the valve be declared inoperable, which could imply that both safety
functions wete affected. The memorandum did not include a discussion of the capability
of the valve to allow forward flow. .

Report revised.

Report revised.

Report revised.

Report revised.

Report revised.

No revision required.

Report revised. The memorandum from Engineering clearly provided a
recommendation to Operations that the valve be declared inoperable.

No revision required.







ENCLOSURE 3

REVISED NRC INSPECTION REPORT

50-528/98-14; 50-529/98-14; 50-530/98-14
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