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Pacific Gas and
Electric Company

August 26, 1999

PG8 E Letter DCL-99-101

Lawrence F. Wornack
Vice President
Nuclear Technical Services

Diablo Canyon Power Plant
PO. Box 56
Avila Beach, CA 93424

805.545.6000

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

Docket No. 50-275, OL-DPR-80
Docket No. 50-323, OL-DPR-82
Diablo Canyon Units 1 and 2
Res onse to A arent Violations in Ins ection Re ort Nos. 50-275/99-07 and
50-323/99-07

Dear Commissioners and Staff:

NRC Inspection Report No. 50-275/99-07 and 50-323/99-07, dated July 27, 1999,
identified two apparent violations. The report indicates that the apparent violations
are being considered for escalated enforcement action in accordance with NUREG-
1600. The first apparent violation involved two examples of failure to implement
timely and effective corrective actions for significant voiding in the emergency core
cooling system (ECCS) piping. This first apparent violation also discussed NRC
concerns related to missed opportunities by PG8 E to identify the root cause and
implement corrective actions to prevent the repetition of significant ECCS voiding.
The second apparent violation involved the failure to implement a Technical
Specification limiting condition for operation action statement for ECCS
inoperability due to excessive voiding. The report also identified a noncited
violation for failure to perform a safety evaluation in accordance with 10 CFR 50.59
for a change to a procedure as described in the Final Safety Analysis Report.

The cover letter to the inspection report provided an opportunity to PG8 E to either:
(1) respond to the apparent violations addressed in the report within 30 days of the
date of the letter, or (2) request a predecisional enforcement conference. PG&E

, has decided to respond in writing to the apparent violations and related concerns.

PG&E has conducted a detailed and thorough investigation into the facts and
circumstances of the ECCS void issues identified in the NRC Inspection Report.
The numerous voiding issues span a period of nearly 12 years and many actions
were taken to address the voiding issues. Given these factors, our response is
both voluminous and thorough. In order to facilitate review, PG8 E has organized
the response as follows: Executive Summary (Enclosure 1); Chronology, Operating
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Experience Assessment, and Recent Actions to Resolve ECCS Voiding Concerns
(Enclosure 2); Safety Evaluation (Enclosure 3); Response to Apparent Violations
(Enclosure 4); and Actions Taken Regarding Noncited Violation (Enclosure 5).

PG&E has also evaluated the apparent violations in accordance with NUREG-1600 and
offers the following for the NRC's consideration. PG&E identified and reported the
ECCS voiding issues in Licensee Event Report (LER) 1-98-011, "Emergency Core
Cooling System Outside Design Basis Due to Gas Voiding in the Suction Piping."
PG&E believes that following identification of the ECCS void issue in LER 1-98-011, its
corrective actions that have been and are being taken regarding these apparent
violations are comprehensive and timely. Moreover, an evaluation of the safety
significance of the ECCS voids using the NRC's proposed Significance Determination
Process concluded that the apparent violations were of low significance. Finally, PG&E
believes that: (1) compliance was restored within a reasonable time following
identification of the ECCS void issue, (2) that the corrective action program was
appropriately utilized, and (3) that PG&E did not act in a willfulmanner. Ifyou have
any questions regarding the above conclusions or the enclosed material please contact

600.

Lawrence F. Womack

cc: Steven D. Bloom
Ellis W. Merschoff
David L. Proulx
Diablo Distribution
INPO

Enclosures

D DC/2237/N0002076
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Diablo Canyon Power Plant
Units 1 and 2

)
In the Matter of )
PACIFIC GAS AND ELECTRIC COMPANY )

).
)

)

)

Docket No. 50-275
Facility Operating License
No. DPR-80

Docket No. 50-323
Facility Operating License
No. DPR-82

AFFIDAVIT

Lawrence F. Womack, of lawful age, first being duly sworn upon oath says that he is
Vice President - Nuclear Technical Services of Pacific Gas and Electric Company; that
he has caused to be prepared the enclosed response to apparent violations in NRC
Inspection Report 50-275/99-07; 50-323/99-07 on behalf of said company with full
power and authority to do so; that he is familiar with the content thereof; and that the
facts stated therein are true and correct to the best of his knowledge, information, and
belief.

Lawrence F. Womack
Vice President —Nuclear Technical Services

Subscribed and sworn to before me this 26'" day of August 1999.
County of San Luis Obispo
State of California

Notary Pu Ii

AMYJ. GALLOWAY
COMM. g]09g602

NOTARYpup'UC CAuFORNlA ZZ
S Pi i.uiS OBlSPO COUNTY

My Comm. Expires Aprilpp, 2ppp
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EXECUTIVE SUMMARY

During the past 12 years, the nuclear industry has conducted a number of evaluations
of the sources, causes, and impact of gas accumulation in emergency core cooling
systems (ECCS). Gas accumulation or voiding is an industry safety concern due to the
potential to render ECCS pumps inoperable during certain design basis accidents.

The presence of voids in the ECCS piping and the potential adverse consequences
have been documented in an INPO publication and an NRC Information Notice (IN)
88-23, including five supplements. The initial IN 88-23 and supplements primarily
focused on the existence of large voids (e.g., 50 ft'tFarley, 70 ft'tNorth Anna, and
10 ft'at Sequoyah). The primary causes of the voids were attributable to: (1) hydrogen
transport from the volume control tank (VCT), and (2) release of dissolved gases.
Additionally, Supplement 3 recommended that it was important to consider all potential
sources of gas intrusion such as leaking bladders, ineffective check valves, any flow
restrictions (e.g., orifices), and improper venting and filling operations following
maintenance.

PGB E reviewed the original IN and the supplements as they were issued. PG8E
reviewed piping isometrics, performed piping walkdowns, installed vents, and enhanced
surveillance test procedures. Two potential sources of significant voiding were
identified: (1) hydrogen coming out of solution from VCT pressure changes; and (2)
gas coming out of solution at orifices. The VCT was eliminated as a potential source by
an engineering calculation. In 1996 and 1997, PG8 E, in conjunction with its pump
vendor, developed and installed 22 stage orifices in the centrifugal charging pump
(CCP) mini recirculation lines. In addition to having the primary benefit of replacing the
installed eroded orifices, the new orifices eliminated a source of gas stripping and
potential void formation in the suction piping. These actions were effective at resolving ~

voids caused by gas coming out of solution; however, there were several missed
opportunities that could have resolved the remaining ECCS void issue much earlier.

Throughout the 1989 to 1994 timeframe, PG8 E periodically vented the ECCS suction
piping and occasionally found voids (Refer to Licensee Event Report (LER) 98-011,
"Emergency Core Cooling System Outside Design Basis Due to Gas Voiding in the
Suction Piping," Attachment 2A). These voids were primarily found after startup
following outages. Engineering evaluated the size and location of the voids and
concluded that they would have no impact on ECCS operability. Based on the rate at
which hydrogen comes out of solution, engineering believed that venting was adequate
for ECCS operability without establishing a specific void limit. In 1994, engineering
established a gas void acceptance value of 5.0 ft'or the CCP suction piping (a value
derived from the review of available industry information).
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During the 1995 to 1999 timeframe, voids continued to occur in the ECCS (Refer to
LER 1-98-011-01 for a discussion of the more significant voids that were identified). In
March 1998, a 2.2 ft'as void was identified by ultrasonic testing (UT) at Unit 2 valves
8807A/B. The UT was being performed in response to INPO Significant Operating
Experience Report 97-1. Even though the discovered void was within acceptance
criteria, the system engineer was uncomfortable with the continuing occurrence of voids
and no calculational engineering basis to.establish equipment operability (questioning
attitude). As a result, engineering initiated efforts to develop a calculation to specifically
quantify an acceptable void size at valves 8807A/B. In November 1998, engineering
established a void acceptance criteria of 0.44 ft'ased on a 5 percent void fraction at
the pump suction. At this point, PG&E realized that small voids which had been
previously evaluated as acceptable in the past may be a concern. A nonconformance
report was initiated and an LER was submitted. As part of its investigative actions,
PG&E identified the existence of an earlier calculation performed in 1991. The
calculation had previously assumed an acceptable gas void size of 0.34 ft't the CCP
inlet. The 0.34 ft'imitwas based on completely voiding the first two stages of the
pump (0.17 ft'er stage). The calculation was performed to verify that the VCT
depressurization rate could not result in any significant amount of hydrogen coming out
of solution. This calculation was never intended to establish an acceptable ECCS
voiding limit. In December 1998, temporary UT equipment was installed at valves
8807A/B for continuous data acquisition to assist in identifying the sources and causes
of voiding. Based upon data collected with the units at power and from past incidences
of voiding that occurred relatively shortly after outages, the cause of voiding was

. identified as inadequate filling and venting of ECCS piping following outages. PG&E
increased the monitoring and venting frequency following outages, initiated a
comprehensive review of all ECCS piping isometrics, performed piping walkdowns,
performed UT of potential void areas, and initiated a design change for installation of
additional vents.

Inspection Report 50-275/99-07; 50-323/99-07 identified two apparent violations, a
noncited violation, and additional concerns related to the voiding problem. As a result
of the NRC concerns, PG&E has recently evaluated its past engineering actions and
operational experience assessment (OEA) program processes. The engineering
evaluation concluded that a 5 percent pump void fraction provided by Westinghouse,
together with previously calculated data, was not used during operability evaluations
from 1994 through 1998, primarily because the information had not been formalized
and incorporated into procedures. The review of the OEA process did conclude that
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some of PG8 E's actions to address industry-identified problems were effective.
Nevertheless, past evaluations lacked an in-depth, questioning attitude, and in some
cases, did not fully evaluate the applicability of the identified problem to the Diablo
Canyon Power Plant design. In summary, PG8 E agrees that its actions related to the
evaluations performed in the past lacked the requisite thoroughness and resulted in
missed opportunities to have achieved a more timely resolution of the voiding condition.

PG8 E has conducted a thorough review of the facts and circumstances of voids in the
ECCS and concluded that, even during a postulated design basis event, the safety
consequences would have been minimal. This is based on both deterministic analysis
performed to assess the impact of the voids and a probabilistic risk analysis. The
deterministic analysis conservatively assumed that the as-found voiding conditions
would have immediately caused either both CCPs or both safety injection pumps to fail.
It also assumed a single failure. The deterministic analysis concluded that a significant
margin (approximately 600'F) to the peak clad temperature limitwould have been
maintained. The probabilistic risk assessment also confirmed that the risk from this
condition was low (3.37E-7 per year). The analyses indicate that although some loss of
design diversity could be conservatively postulated, the conditions from 1994 through
1998 were of minimal safety consequence. PG&E also evaluated the condition using
the criteria in the proposed NRC's Significance Determination Process. The condition
screened out as low safety significance.

Recent actions taken to determine the source and cause of voiding in. the suction piping
of ECCS are described in Enclosure 2, Attachment 2C. Other actions taken to address
issues associated with ECCS voiding are described in Enclosure 2, Attachment 2B, and
Enclosure 4.

PG8 E is confident that these actions will eliminate or minimize the number and size of
ECCS voids and prevent future operability concerns.



'<i



Enclosure 2
PG8 E Letter DCL 99-101

CHRONOLOGY OF EVENTS, OPERATING EXPERIENCE ASSESSMENT,
AND RECENT ACTIONS TO RESOLVE ECCS VOIDING CONCERNS

NRC Inspection Report 50-275/99-07 and 50-323/99-07 discusses its evaluation of the
ECCS voiding chronological facts. The attachments to this enclosure provide, to the best
of PG8 E's knowledge, relevant facts pertaining to the ECCS voiding issues. This enclosure
provides clarifications and perspectives relevant to these facts.

Following are a brief description of the attachments:

Attachment 2A provides a chronological listing of: (1) industry operating experience
documents including PG8 E evaluations and actions; (2) vendor correspondence; and (3)
venting and monitoring activities, including any identified gas voids.

Attachment 2B is an assessment of the operating experience program. This attachment
identifies the actions taken by PG8 E to investigate missed opportunities related to ECCS
gas voiding, resultant conclusions and actions being taken to enhance the OEA programs.

Attachment 2C is a description of the recent actions taken to resolve ECCS voiding.
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CHRONOLOGY OF EVENTS

The presence of voids in emergency core cooling system (ECCS) suction piping and the
potential adverse consequences have been documented in an INPO publication and an
NRC Information Notice (IN) 88-23, including five supplements. The IN and its
supplements primarily focused on the existence of large voids (e.g., 50 ff'tFarley, 70

ft't

North Anna, and 10 ft'at Sequoyah). The primary causes of the voids were attributable
to: (1) hydrogen transport from the volume control tank (VCT), and (2) release of dissolved
gases. Additionally, Supplement 3 recommended that it was important to consider all
potential sources of gas intrusion such as leaking bladders, ineffective check valves, any
flow restrictions (e.g., orifices), and improper venting and filling operations following
maintenance.

From the period 1988 to 1999, PG8 E reviewed the original IN and the supplements as they
were issued. In response to the identified issues, PG8 E reviewed piping isometrics,
performed piping walkdowns, installed vents and enhanced surveillance test procedures
(STPs). Two potential sources of significant voiding were identified by PG8 E: (1)
hydrogen coming out of solution from the VCT; and (2) gas coming out of solution at
orifices. The VCT was eliminated as a potential source by an engineering calculation. In
1996 and 1997, PG8 E, in conjunction with its pump vendor, developed and installed 22
stage oriTices in the centrifugal charging pump (CCP) mini recirculation lines. In addition to
having the primary benefit of replacing the installed eroded orifices, the new orifices
eliminated a source of gas stripping and a potential void formation in the suction piping.
These actions were effective at resolving large voids caused by gas coming out of solution;
however, there were several missed opportunities that could have resolved the overall
remaining ECCS void issues much earlier (Refer to Attachment 2B).

From the period 1989 to 1994, PG8E continued to vent the ECCS suction piping and
occasionally found voids (Refer to LER 1-98-011-01). These voids were primarily found
after startup following outages. The voids were considered to have no impact on ECCS
operability. A calculation was performed in 1991, which verified that VCT depressurization
rate could not result in any significant amount of hydrogen coming out of solution. The
calculation used an assumed gas void acceptance value of 0.34 ff'tthe CCP inlet. This
calculation was never intended to establish an acceptable ECCS voiding limit. In 1994,
engineering established a gas void acceptance value of 5 ft'a value derived from the
review of available industry information). Previously, engineering believed that venting was
adequate for ECCS operability without establishing a specific void limit.

i

From the period 1995 to 1999, voids continued to be identified. Prior to the fall of 1998,
PG&E believed that voids less than 5 ft'ere acceptable and would not cause operability
concerns. In March 1998, a 2.2 ft'gas void was identified by ultrasonic testing (UT) at
Unit 2 valves 8807NB, which was being performed in response to INPO Significant
Operating Experience Report (SOER) 97-1. 'ven though the discovered void was within
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acceptance criteria, the system engineer was uncomfortable with continuing occurrence of
voids and no calculational engineering basis to establish equipment operability
(questioning attitude). As a result, engineering initiated efforts to develop a calculation to
specifically quantify an acceptable void size. In October 1998, engineering determined
from the calculation that significantly smaller voids (0.44 ft'tminimum VCT pressure) may
be of concern. Following the development of this calculation, engineering believed that the
calculation needed further evaluation based on the fact that others in the industry utilized
larger acceptable values and the calculation assumptions used were conservative. At this
point, PG&E employed an engineering consulting firm to review and evaluate the effects of
gas voids in the piping at valves 8807A/B. Concurrent with the evaluation, STP M-89A,
Rev. 0, was issued to perform weekly monitoring of the piping near valves 8807NB to
ensure the allowable gas void volume was not exceeded. STP M-89A utilized a 0.44

ft'cceptancecriteria. The procedure correlates UT measurements of water level in the
subject piping versus void volumes in gallons. STP M-89A also directs venting, if
necessary.

In November 1998, PG&E initiated a nonconformance report (NCR) and as part of its
investigative actions, identified the existence of an earlier calculation performed in 1991.
The 1991 calculation assumed an acceptable gas void size of 0.34 ft'tthe CCP inlet.
The 0.34 ft'imitwas based on completely voiding the first two stages of the pump (0.17

ft'er

stage). The calculation was performed to verify that the VCT depressurization rate
could not result in any significant amount of hydrogen coming out of solution. This
calculation was never intended to establish an acceptable ECCS voiding. limit.

In December 1998, engineering took additional steps before, during, and after 1R9 to
identify the'causes of the voiding by installing temporary ultrasonic measuring devices with
the ability for continuous data acquisition. Following identification of a void on March 27,
1999, and from past incidences of voiding that occurred relatively shortly after outages, the
cause of continuing voiding was identified as inadequate filling and venting of ECCS piping
following outages. This effort also confirmed that there was an unventable area on the
upstream side of valves 8807NB (approximately 0.2 ft'otal which is less than the
allowable void limit at this location) and that the current monthly cycle for venting the ECCS
piping was adequate during power operation. PG&E increased the monitoring and vent
activities following 1R9 and initiated a comprehensive review of all ECCS piping isometrics,
performed piping walkdowns, performed UT of potential void areas, and initiated design
changes for installation of additional vents (Refer to Attachment 2C).
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Date Event Description

5/12/88 The NRC issued IN 88-23 to notify the industry of potential .

problems resulting from VCT hydrogen coming out of solution
caused by eddy points in fittings like elbows and tees and
accumulation in ECCS piping. Farley Unit 1 discovered 50

ft'f

gas that was 98 percent hydrogen.

6/1 0/88 Operating experience assessment's (OEA) evaluation of IN
88-23 concluded that Diablo Canyon Power Plant (DCPP)
was not susceptible to this type of event since the DCPP
design did not have a similar configuration where gas voids
could occur and operators vented the piping high points
monthly using STP M-89.

11/1/88 A Westinghouse letter to pressurized water reactor owners
provided information to supplement IN 88-23. The letter
noted that for a void fraction of hydrogen/water mixture
greater than 5 percent, pump damage/failure may occur.
Westinghouse recommended several methods for elimination
of gas accumulation ifventing of high points indicates that
accumulation was occurring.

12/1/88 OEA's evaluation of the November 1, 1988, Westinghouse
letter resulted in review of the piping isometrics for the CCP *

inlet lines, and recommended the vent (Sl-187) installed at
valves 8807A/B be added to the scope of STP M-89 for
periodic venting. Although no speciTic discussion of the
Westinghouse design change recommendations was noted, it
is assumed that no action on the Westinghouse
recommendations was required, since no significant gas
accumulations had been noted.

1/5/89 IN 88-23, Supplement 1, was issued to alert licensees to
additional ECCS voiding problems. Supplement 1 discussed
events at South Texas, North Anna, and Surry. The piping
from the refueling water storage tank to the CCPs had high
points above the bottom nozzle of the tank, which allowed
release of dissolved air. North Anna found gas (primarily air)
accumulations of 0.4 to 70 ft'.
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7/13/89 OEA's evaluation of IN 88-23, Supplement 1, recommended
initiating a temporary procedure change to trend gas venting
at valves 8807A/B to determine if the change should be made
permanent. The recommendation indicated that ifno gas was
detected, then venting could be discontinued. A temporary
procedure was subsequently issued to measure gas
accumulation. Based on the small amount of gas identified
during the first performance of this procedure (see following
10/7/89 entry), the procedure was not performed again.

Routine venting of this location was resumed the following
year when SI-187 was added to STP M-89 (see 6/23/90 entry
below).

10/7/89 Sl-187 was vented using temporary procedure to measure
gas accumulation. Approximately 51 cc (-0.002 ft') were
vented on Unit 1 and 77 cc (-0.003 ft') were vented on Unit 2.

12/14/89 A Westinghouse letter discussed the possibility of ECCS
'iping void formation due to a high VCT depressurization rate.

The letter recommended a limit of one psi drop per 15
minutes. PG8 E subsequently implemented this
depressurization rate limit as a system design operational
constraint, but later determined that the limitwas too
restrictive (i.e., normal plant operational requirements
necessitated a VCT pressure variance range that exceeded
the limit). NCR DCO-91-TN-N004 (see 1/1 7/91 entry below)
was issued to address and resolve the adoption of this limit
without prior consideration of plant operational impact.

1/31/90 IN 88-23, Supplement 2, was issued to alert licensees to
potential problems resulting from the transport of hydrogen if
a safety injection (Sl) signal occurred while testing the VCT
outlet valves. OEA's evaluation appropriately determined that
DCPP was not subject to the problem due to a different
testing configuration.

6/23/90 SI-187, was added to STP M-89 for both units.
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Date Event Description

10/16/90 UT measurement techniques were developed and utilized to
monitor suspected locations of void formation in the residual
heat removal (RHR) pump discharge lines that could cause
RHR water hammer events.

12/10/90 IN 88-23, Supplement 3, was issued and was the first
supplement to report sources of gas other than dissolved
hydrogen coming out of solution. The supplement stressed
the importance of considering all potential sources of gas
intrusion to ECCS suction piping, such as leaking bladders on
the pulsation dampers of the positive displacement pumps,
ineffective check valves in high point venting systems that
leak back to the air space in the VCT, any flow restrictions
(e.g., orifices) which may cause gases to come out of
solution, and improper venting and filling operations following
maintenance of ECCS flowpaths.

1/10/91 UT measurements supporting RHR water hammer
investigations identified a void (1 ft') upstream of Unit 1 valve
8804B. An evaluation for the affected Sl pump (SIP)
concluded that operability was not impacted.

1/17/91 NCR DCO-91-TN-N004 was initiated, addressing the design
change process for changing the operating limit on VCT
depressurization rate (see 12/14/89 Westinghouse letter entry
above).

2/1/91 Calculation N-017, Rev. 0, was issued to support
NCR DCO-91-TN-N004. The calculation determined the
maximum permissible pressure reduction rate of the VCT and
the maximum amount of degassing. The calculation
concluded that the VCT depressurization rate would not result
in any significant amounts of hydrogen coming out of solution
when compared to an assumed volume of 0.34 ft'volume
equivalent to 2 of the 11 stages of the CCP). The calculation
used 0.34 ft'tthe CCP inlet as the basis for demonstrating
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2/1/91
(cont)

that the new VCT depressurization rate was not necessary.
The 0.34 ft'value is equivalent to 2.72 ft'at atmospheric
pressure or 1.1 ft'tvalves 8807A/B (when compared to the
0.44 ft'urrent limit and using the same location and bases).

2/2/91 UT examinations at Unit 1 valves 8807NB Identified a void of
approximately 0.01 ft'.

4/1 9/91 As an. action from NCR DC0-91-TN-N004, a system
engineering calculation determined that the'maximum
allowable void size at valves 8807NB was 0.496 ft'. This
value was based on the value of 2.72 ft'from Calculation
N-017, adjusted for the elevation difference between the
CCPs suction and valves 8807NB and assuming a VCT
pressure of 60 psig. This calculation was performed to
determine void volume versus water height for the
performance of UT inspections.

4/22/91 Vent valve was installed at Unit 1 valve 8804B during 1R4 in
response to the RHR water hammer issue. UT verified that
no void was present after venting following the outage.

5/17/91 OEA evaluation of IN 88-23, Supplement 3, concurred with
and recommended four actions contained in NCR DCO-91--
TN-N004 (items 1-4 below) and additionally recommended
routine UT monitoring (item 5 below):

1. Development of Calculation N-017 Rev. 0, to evaluate the
impact of voids on the CCPs.

2. Requested system engineers to review venting
procedures to ensure all piping sections were properly
vented.

3. Requested system engineers to identify and add to
STP M-89, as appropriate, all ECCS cross-tie piping vents.

4. Performance of UT to determine ifgas had accumulated
upstream of valves 8804NB in each unit.

5. Establishing a UT program to routinely monitor ECCS
piping for void accumulation.
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Date Event Description

7/10/91 Plant Staff Review Committee (PSRC) approved a void
monitoring program based on OEA recommendations in
response to IN 88-23, Supplement 3.

9/24/91 UT showed no voids at Unit 2 valves 8804A/B and 8807A/B
just prior to 2R4.

10/21/91 Calculation N-017, Rev. 1, was issued. This revision further
refined the calculations and eliminated any restrictions, other
than those imposed by normal plant operation, on the VCT
depressurization rate. The 0.34 ft'tthe pump inlet was
maintained as a reference evaluation criterion.

2/1 5/92 During a QA audit of the Sl system, a piping design engineer
communicated a problem with the proposed location for the
vent at Unit 2 valve 8804B (i.e., asks if it has to be a true high
point vent).

2/1 9/92 The team that was addressing RHR water hammer concluded
that the water hammers were caused by gas accumulation in
the RHR heat exchanger tubes. The gas was believed to be
coming out of solution after the RHR system was isolated
from the reactor coolant system (RCS) following outages.

2/28/92 Engineering recognized that installing the vent in the
equalizing line for Unit 2 valve 8804B was not optimal but
installation at the high point was more difficult. The equalizing
line location was evaluated to be adequate based on RHR
water hammer and SIP operation considerations.

3/1 1/92 PG8 E QA audit asked ifa potential for gas accumulation at
valve 8804B could damage SIP 2-2 during recirculation phase
and requested the status of gas accumulation trending using
UT.

3/1 9/92 Response to the QA audit stated that UT examinations
showed no voids and that voiding would not be a problem.
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Date Event Description

12/18/92 IN 88-23, Supplement 4, reported events which occurred at
Surry plant in July of 1992 in which RCS inventory was
suspected of leaking past the cold leg check valves. Gases
coming out of solution at the lower pressure could then
migrate and accumulate at high points in the low head safety
injection system. Voids of 50 ft'nd 32.5 ft'were discovered.
The gas voids were a mixture of hydrogen, oxygen, and
nitrogen. Supplement 4 also identified other potential sources
for gas voiding, including the effect of maintenance activities
that could allow air to enter fluid systems.

2/10/93 OEA evaluation of Supplement 4 concluded that regular
monitoring and venting of ECCS piping remained the optimal
solution to detect gas accumulation problems and
recommended the following:

1. Development of a UT procedure.
2. Revision of STP M-89 to allow the UT procedure to

monitor any gas accumulation.
3. Installation of additional vents ifnew gas voids were

discovered.

The evaluation also recommended that the frequency of
monitoring and venting remain at the discretion of the DCPP
system engineer, allowing intervals to change as situations
warranted.

3/1/93 Due to a misunderstanding of the OEA recommendations, the
PSRC believed that the issue presented for approval was to
UT in lieu of venting. The PSRC concluded that taking credit
for the use of UT in lieu of STP M-89 venting would require a
Technical Specification (TS) change and prior NRC approval.
PSRC approval of the OEA recommendations was thus
withheld. OEA failed to follow up on this recommendation.
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Date Event Description

7/22/93 A Westinghouse letter evaluated a DCPP condition that
occurred at the suction of the RHR pumps during surveillance
testing. The condition was high RHR pump suction pressure.
It was postulated that the condition occurred due to a gas void
at the top of the RHR heat exchanger U-tubes being
dispersed and swept back to the suction causing inaccurate
suction pressure measurement. The gas void was thought to
be relatively small. Westinghouse concluded that no
operability problem existed. The Westinghouse letter also
recommended a 5 percent maximum void fraction for gas
entering the suction piping of the RHR, charging, and Sl
pumps.

4/26/94 Approximately 3.3 ft'ofgas was vented from the CCP side of
Unit 2 valves 8807NB (Sl-2-187 vent). The volume
determination was based on VCT inventory changes. This
event occurred 17 days after completing a forced outage on
Unit 2.

5/7/94 Unit 2 S!-2-187 was vented with no gas present.

5/1 8/94 Approximately 1.1 ft'fgas was vented from Unit 1 SI-1-187.
The void volume determination was based on VCT inventory
changes. This event occurred 10 days after a refueling
outage in Mode 5.

6/2/94 Engineering evaluation responded to voids discovered at the
valves 8807NB high point. The condition was dispositioned
based on the following comment: "Industry experience and
consultations with Westinghouse indicate that when gas
bubbles of this kind are swept into the suction of a pump,
there is a great deal of mixing that occurs prior to entering the
pump, especially for small gas bubbles less than 5 ft'. For the
charging pump, there is approximately 7 feet [of] vertical run
and also a long horizontal run, including several elbows which
would again tend to strongly mix the gas bubble. The mixed
fluid which is introduced into the pump does not have any
significant impact on pump performance."





Attachment 2A
PG8 E Letter DCL-99-101

Date Event Description

7/27/94 4 ft'ofgas was vented from Unit 1 SI-1-187. The void volume
was determined based on VCT inventory changes.

12/8/94 As determined by direct UT measurement, 0.3 ft'fgas was
vented from Unit 2 Sl-2-187. Based on a gas sample
analysis, the void was composed of 60 percent hydrogen, 36
percent nitrogen, and a radionuclide composition that
suggested its source was the VCT. This event occurred
approximately 5 weeks after 2R6.

2/1/95 System engineering evaluated OEA recommendations made
in response to IN 88-23, Supplements 3 and 4, for monitoring
gas accumulation and concluded that STP M-89 was
adequate without using UT.

12/8/95 Small voids (approximately 0.07 ft') were found via UT in
Unit 2 SIP 2-2 discharge piping horizontal runs. No gas voids
were found on Unit 1 SIPs or in the Unit 2 SIP 2-1 discharge
pipe.

1/9/96 A void of approximately 0.04 ft'was found near Unit 2
valves 8807A/B.

5/23/97 Unit 1 CCP 11-stage recirculation flow orifices were replaced
with a new 22-stage design.

10/21/97 A review of venting requirements and a walkdown of existing
ECCS vent locations was conducted in response to
enforcement actions at another plant for not venting ECCS
pump casings. As a result, the DCPP venting methodology
was revised and two vent valves (Unit 1 valves Sl-114 and
Sl-115) located outside containment were added to
STP M-89.

2/5/98 A small amount of gas was found by direct UT measurement
at valves 8807A/B (Unit 1 —0.17 ft', Unit 2 —0.004 ft').

10
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Date Event Description

3/27/98 Approximately 2.2 ft'oid was found at Unit 2 valves 8807A/B
during UT monitoring performed in response to SOER 97-1.
This event occurred in Mode 2 subsequent to 2R8. Even
though the discovered void was within acceptance criteria, the
system engineer was uncomfortable with the continuing
occurrence of voids and no calculational engineering basis to
establish equipment operability (questioning attitude). As a
result, engineering initiated efforts to develop a calculation to
quantify an acceptable void size at this location.

4/2/98 Unit 1 Sl-1-187 was vented with no voiding identified. In April
1998, UT was terminated for Unit 1 and continued for Unit 2
on a periodic basis.

7/2/98 STP M-89 was revised requesting operations to quantify any
gas vented during performance of the STP.

7/3/98 Engineering recommended implementing a periodic
monitoring program using UT at Units 1 and 2 valves
8807A/B.

8/1 9/98 Calculation N-244 was issued to correlate void volume with
water height in the pipi'ng near valves 8807NB to aid in
determining void size during UT measurements when
performing STP M-89.

10/14/98 Calculation STA-089, assuming a 5 percent void fraction,
conservatively specified a limit of 0.44 ft's the allowable void
volume in the ECCS suction crosstie piping adjacent to valves
8807NB based on minimum VCT pressure.

10/28/98 STP M-89A, Rev. 0, was issued to provide periodic UT
monitoring of ECCS cross-over piping.

11/12/98 Preliminary results from an engineering consulting firm's
calculation, indicated that the allowable void size limit may be
greater than the limitdetermined by Calculation STA-089.
However, some past voiding occurrences still exceeded the
consulting firm's calculated limit.

11
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Event Description

11/16/98 Based on the results of Calculation STA-089 and preliminary
results of the consulting firm, NCR N0002076 was initiated to
address previous voids in excess of the 0.44 ft'imit
determined by the calculation. As a result of the NCR, PG8 E
initiallydetermined that past voiding in excess of the
allowable limit per Calculation STA-089 placed the plant
outside the design basis and submitted a 1-hour 10 CFR
50.72 report.

12/16/98 Licensee Event Report (LER) 1-98-011, Rev. 0, was
submitted regarding the plant being outside the design basis
due to past ECCS voiding.

12/1 9/98 Temporary UT equipment was installed near Unit 1 valves
8807A/B to continuously monitor and record the void size at
this location.

2/1 9/99 The engineering consulting firm's review and evaluation of the
identified gas voids in the 10 CFR 50.72 report in RHR/Sl
cross-tie piping was performed using the RELAP5/Mod 3.2
computer program and the acceptable void size defined in

. STA-089.

3/10/99

3/1 1/99

Gas void of 0.36 ft'as found at Unit 1 valves 8807A/B
during routine monitoring with Unit 1 in Mode 5 during 1R9.

Shift Order issued to the Unit 1 operating crews instructing
them to monitor void growth every 4 hours in accordance with
STP M-89A.

3/1 5/99 Void growth monitoring frequency change was documented in
the Shift Supervisor's log and per PSRC requirements, from
every 4 hours to once per shift based on: (1) the stability of
the void since the refueling outage, and (2) the knowledge
that there were no further outage-related activities that would
introduce air into the ECCS, such as running reactor coolant
pumps to fillthe RCS, transferring CCPs, or transferring the
VCT cover from nitrogen to hydrogen. Past experience had
shown that if any gas void exists, it would slowly go back into
solution once normal operations had resumed.

12
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3/27/99

3/28/99

3/29/99

After logging by the nuclear operator, a void volume near Unit
1 valves 8807A/B that was within 1 gallon (0.13 ft') of the
STP M-89A limitwas not vented as required by the STP.

Void volume near Unit 1 valves 8807A/B that was within
1 gallon (0.13 ft') of the STP M-89A limitwas logged by
another nuclear operator. That evening, the SFM recognized
that the STP M-89A limit had been exceeded on that day and
the day before. TS 3.0.3 was entered and venting of the void
began. An action request (AR) was initiated to document the
TS 3.0.3 entry.

Void size was reduced via venting to within acceptable limits.
Void increase on 3/27/99 was determined to coincide with
cycling of Unit 1 emergency boration isolation valve CVCS-
8104.

4/23/99 IN 88-23, Supplement 5, was issued to identify additional
instances of unacceptable g'as voiding in pressurized water
reactor high pressure injection system pumps and suction
piping. OEA concluded that no additional evaluation of the
supplement was required regarding gas voiding at DCPP
based on an ongoing evaluation of this issue via NCR
N0002076.

5/5/99

6/24/99

An AR was issued for failure to vent per STP M-89A on
3/27/99 and 3/28/99 (see 6/25/99 entry below).

Gas void was found near Unit 2 valve 8804B as a result of
investigative, efforts for NCR N0002076. Void was
conservatively calculated to be 0.43 ft'and concluded to not
impact SIP operability. The need for a new STP was
identified (STP M-89B —see 6/28/99 entry) to vent this
location, since opening crosstie valve 8804B at power
requires special precautions.

13
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Date Event Description

6/25/99 An AR was issued to address untimeliness of the 5/5/99 AR
which addressed the failure to vent on 3/27/99 and 3/28/99.—
The delay in the issuance of the 5/5/99 AR was due to
operations personnel failing to recognize, on 3/28/99, the
significance of exceeding the STP M-89A venting limit on
3/27/99. For action to prevent recurrence, this issue will be
included in operator requalification training.

6/28/99 STP M-89B, Rev. 0, became effective and was performed
near Unit 2 valve 8804B. A void was found that was less than
the allowable limit.

7/23/99 LER 1-98-011, Rev. 1, was submitted to provide the causes,
updated corrective actions, and safety analyses for being
outside the design basis due to past ECCS voiding.

Conclusion

The above demonstrates that while PG8 E actions were effective at resolving large voids
caused by gas coming out of solution, smaller voids were evaluated as acceptable until a
calculation was performed which established a much lower operability limit. There were
some missed opportunities that could have completely resolved the ECCS void issue much
earlier. The operating experience program missed opportunities are discussed in
Attachment 2B. An evaluation of the actions taken regarding this issue are provided in
Attachment 2C and Enclosure 4 (Response to Apparent Violations).
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EVALUATIONOF MISSED OPPORTUNITIES BY THE OPERATING EXPERIENCE
ASSESSMENT (OEA) PROGRAM

INTRODUCTION

NRC Inspection Report 99-07 identified several missed opportunities by PG8 E related
to emergency core cooling system (ECCS) gas voiding. One of the missed
opportunities included the "review of NRC and industry communications." This
attachment identifies the actions taken by PG8 E to investigate this concern, the
resultant conclusions, and the actions being taken to enhance the OEA program.

Investigative actions included: (1) a cause analysis for missed opportunities during,
OEA reviews for ECCS voiding events and a subsequent review of OEA process
broken barriers; and (2) a special assessment of ten other NRC Information Notices
(INs) and their respective supplements.

Overall, the results of this investigation concluded that the current OEA program is
effective. However, several recommendations were identified to enhance the program.

INVESTIGATIVEACTIONS

NCR N0002076 Cause Analysis

In response to Inspection Report 99-07 and Nonconformance Report (NCR) N0002076,
a cause analysis was performed to identify missed opportunities and broken barriers in
the OEA process reviews associated with voiding in ECCS piping between 1988 and
1998. The cause analysis concluded that the OEA program did not ensure a timely
resolution to gas voiding in ECCS piping and that opportunities were missed during the
OEA review of: (1) IN 88-23 and its supplements; (2) vendor correspondence related to
this issue; and (3) other NRC and industry notices.

Missed 0 ortunities Identified In Ins ection Re ort 99-07 and the Cause Anal sis

Missed OEA opportunities identified in NRC Inspection Report 99-07 and selected
examples in the cause analysis for NCR N0002076 are provided below. Other missed
opportunities to perform a comprehensive. evaluation of the ECCS voiding issue at an
earlier date were also identified during the in-depth reviews made as part of the cause
analysis. These additional examples are contained in the cause analysis.
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1. IN 88-23, "Potential for Gas Binding High Pressure Safety Injection Pumps During a
Loss-of-Coolant Accident"

Missed Opportunity: PGRE failed to identify that Diablo Canyon Power Plant
(DCPP) was susceptible to collection of gas voids in ECCS pump suction piping.

IN 88-23 identified hydrogen transport from the volume control tank (VCT) and
accumulation in ECCS piping. The subject plant identified a large void downstream
of an residual heat removal (RHR) valve which aligns the suction of the centrifugal
charging pumps (CCPs) with RHR during the loss-of-coolant accident (LOCA)
recirculation phase. The subject plant concluded that the hydrogen cover gas for
the VCT was coming out of solution at local low pressure points in the piping system
and accumulating at the high point on the downstream side of the normally closed
low pressure safety injection (LPSI) to high pressure safety injection (HPSI) valves.
The void size was approximately 50 ft'.

The PGB E OEA group concluded that DCPP's ECCS piping was not subject to the
event and no further action was required. The basis for this conclusion was: (1)
DCPP did not have a similar piping configuration where gas could collect, and (2)
DCPP operators vented the piping monthly using Surveillance Test Procedure (STP)
M-89 per TS 3/4.5.2. In addition, the subject plant did not routinely vent their ECCS
piping. Contrary to these conclusions, DCPP did have a susceptible piping
configuration and the scope of venting did not ensure that gas accumulation would
be vented completely.

. The OEA evaluation included a review of the piping isometrics for required high
point vents on Unit 1 and 2; however, this review missed several high points for the
following reasons: (1) the scope of the review did not include all potential gas
intrusion pathways into the ECCS piping for all phases of operation (normal,
injection, recirculation, startup, shutdown), (2) the complexity of the isometrics made
a thorough and comprehensive review of the piping systems very difficult, and (3) a
field walkdown was not performed.

2. 1988 Letter from Westinghouse, "Potential Gas Binding of Sl Pumps"

Missed opportunity: PG8 E failed to derive acceptance criteria for ECCS voids.

The letter provided pressurized water reactor owners with additional information to
evaluate the issues identified in IN 88-23. Most notable was information which
pertained to the potential adverse effects on ECCS pump operation when the
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hydrogen/water void fraction was greater than approximately five percent.
Westinghouse did acknowledge that the phenomena of gas coming out of solution
and accumulating was technically complex and difficultto predict based on fluid
system calculation techniques known at the time.

While not specifically identified as an operability limit, the OEA review did not
include any discussion of the adverse impact on ECCS pumps when the void
fraction exceeded five percent. This action would have been prudent and would
have provided an opportunity to obtain additional clarification from Westinghouse or
PG8 E engineering regarding the necessity to identify an acceptance criteria which
described or defined: (1) void fraction, (2) how void fraction was to be measured or
otherwise determined, and (3) how the void fraction limitwas to be applied in terms
of determining void size acceptability.

3. IN 88-23, Supplement 1

Missed Opportunity: PG&E failed to pursue OEA recommended UT void trending
and failed to address air intrusion as a potential voiding source.

IN 88-23, Supplement 1, identified additional potential problems resulting from
transport and accumulation of gases in ECCS piping. Specifically, the notice
described an event in which significant gas voids (0.4ft'o 70ft') were found in
various pipe runs connecting the refueling water storage tank (RWST) to HPSI
pumps and connecting piping between the HPSI and LPSI pumps. The source of
gas was reported as the release of dissolved air associated with lower pressures in
the system when the RWST level was reduced below the attached piping system
high points.

The OEA rev'iew appropriately recommended trending gas accumulation at a vent
valve for the high point of the ECCS cross-tie piping at valve's 8807A/B. The
recommendation was implemented via temporary procedure TP TB-8921, "Venting
ECCS Piping at Sl-187 for Hydrogen Gas Accumulation," on September 12, 1989.
However, it was rescinded after a single test on both units detected only very small
quantities of gas (less than 100 cc). The basis for discontinuing the test was that
vent valve Sl-187 would be added to the monthly venting procedure, STP M-89.

While the OEA review and evaluation of Supplement 1 addressed hydrogen coming
out of solution, the events reported in the supplement involved air and not hydrogen.
This new source (air) for gas accumulation was not discussed in the OEA review
recommendations and was a missed opportunity.
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4. IN 88-23, Supplement 3

Missed Opportunity: PG8 E failed to adequately address other potential sources for
gas voiding in ECCS piping.

Early in 1990, the NRC issued Supplement 2 to IN 88-23. The OEA review of
Supplement 2 appropriately determined that no specific action was required to
address the voiding experienced at Trojan during the performance of surveillance
tests for the VCT outlet isolation valves.

Later in 1990, Supplement 3 was issued. Supplement 3 reported events in which
primarily hydrogen gas and some air was accumulating as a result of localized
reductions in fluid pressure. The primary focus of the IN was hydrogen coming out
of solution; however, Supplement 3 went on to identify other potential sources for
gas voiding which were applicable to DCPP. These included inadequate filling and
venting practices following maintenance, gas stripping at flow orifices, and leaking
bladders on pulsation dampeners for positive displacement pumps.

The OEA group reviewed Supplement 3 and concluded that corrective actions being
pursued in NCR DCO-91-TN-N004 addressed the issues in Supplement 3. OEA
also recommended utilizing UT capabilities to regularly monitor and identify potential
gas accumulation locations and to add vents where required. This recommendation
was in addition to the action for the NCR. The PSRC approved the recommendation
in July 1991. However, Engineering subsequently concluded that STP M-89
contained all the necessary venting to preclude unacceptable gas accumulation
based on a system and plant engineering review, walkdown, and evaluation. The
action for UT monitoring was added to the scope of an NCR only as a prudent
action (implementation not required) in August 1991. In February 1995, engineering
concluded once again that the existing STP M-89 program was sufficient to ensure
the suction side of the ECCS pumps did not contain voids and the UT monitoring
action item was closed.

The OEA review in 1991 also missed an opportunity to evaluate ECCS void relevant
information for an ongoing effort at DCPP to identify the cause of RHR pump water
hammers which occurred in 1988 and 1989. By late 1990, a team tasked with
resolving the RHR water hammer problem had suspected that air voids at high
points downstream of the RHR pumps were the cause. In January 1991, a 1 ft'oid
was found on the upstream side of valve 8804B, an unventable high point in the
cross-tie piping between the discharge of RHR Pump 2 to the suction of Sl Pump 2.
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5. IN 88-23, Supplement.4:

Missed Opportunity: PG8 E failed to implement the OEA recommendation for UT
monitoring program for gas voiding on a timely basis.

IN 88-23, Supplement 4, reported events in which RCS inventory was suspected of
leaking past the cold leg check valves. Gases coming out of solution at the lower
pressure could then migrate and accumulate at high points in the LHSI.
Supplement 4 also identified other potential sources for gas voiding including
maintenance activities that could allow air to enter fluid systems.

OEA referred to its previous evaluation and recommendations for IN 88-23,
Supplement 3, and concluded that regularly monitoring and venting ECCS piping
was the optimal solution to detecting gas accumulation problems. OEA reiterated its
recommendation that a program be established to regularly monitor all ECCS piping
to identify any gas voids utilizing UT,and to add new venting points to STP M-89 as
required to vent any new gas voids found during UT monitoring.

When the OEA recommendations were presented to the Plant Staff Review
Committee (PSRC), due to a misunderstanding, the PSRC believed that the
recommendation proposed UT in lieu of venting. The PSRC concluded that taking
credit for the use of UT in lieu of STP M-89 venting would require a change to the
Technical Specifications and prior NRC approval. Accordingly, the PSRC withheld
approval of the OEA recommendation. PSRC approved OEA recommendations
were typically tracked as part of the corrective action process. However, since
approval was withheld in this case, the OEA recommendations for Supplement 4
were not entered in the corrective action process. Subsequently, the tracking action
request for Supplement 3, which also included a recommendation for UT monitoring,
was closed by engineering on the basis that STP M-89 would be adequate to
preclude unacceptable void accumulation. OEA failed to follow-up with the PSRC
regarding the monitoring recommended.

6. 1993 Letter from Westinghouse, "Revised RHR Heat Exchanger Air Bubble
Evaluation"

Missed Opportunity: PG8 E failed to include the five percent void fraction
information into appropriate design documents and procedures.

A 1993 Westinghouse letter summarized a response to a specific PGRE request to
evaluate gas voids in the RHR heat exchanger tubes. Westinghouse
recommended, "that the fraction of entrained gas entering the RHR, CVCS and Sl
pump suction nozzles should not exceed five percent by volume." This
recommendation was based on a joint review of the design and application of
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DCPP's pumps for operation with entrained gas by Westinghouse and Ingersoll-
Dresser Pumps. This event was a missed opportunity in that engineering did not
evaluate the need to include the five percent void fraction into the appropriate
design documents and procedures.

7. IN 97-40, "Potential Nitrogen Accumulation Resulting from Backleakage from Safety
Injection Tanks"

Missed Opportunity: PG8 E failed to adequately confirm other potential sources for
gas voiding were not applicable to DCPP.

IN 97-40 alerted licensees to water hammer events in LPSI and RHR piping
systems believed to be the result of intrusion and accumulation of nitrogen saturated
water which leaked past check valves and partially opened isolation valves. The
voids described in IN 97-40 were composed primarily of nitrogen gas. The subject
plants monitored and trended gas accumulation to identify/validate the source of the
leakage. Piping design and lack of adequate vents were identified in the IN as a
contributory cause. Licensees were requested to evaluate the possibility and effect
of gas accumulation on potentially susceptible systems and to ensure the design of
these systems had adequate venting capability.

The OEA evaluator requested that system engineering review the IN. The system
engineer's review concluded that DCPP was not susceptible to the event identified'n IN 97-40 because: (1) high point vents that could collect nitrogen are vented
monthly and gas accumulation would be noted per STP M-89, (2) operators monitor
accumulator water level and would detect leakage, and (3) check valves isolating
the accumulator inventory from the lower pressure ECCS standby system piping
inventory are leak tested every outage.

Based on the engineering review, OEA screened the event as not providing any
new or changed requirements to previously screened issues. OEA's review utilized
only a limited keyword search for similar NRC and industry notices and thus failed to
consider IN 97-40 as yet another source for gas intrusion in ECCS piping systems.

Causes for Missed 0 ortunities and OEA Process Broken Barriers

The cause analysis for NCR N0002076 identified the following primary causes and
contributory causes for OEA missed opportunities and OEA process broken barriers.
These causes resulted in a delay of the resolution of the ECCS voiding issue.
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1. Primary Cause: Human Error

A review, of the conditions and events associated with OEA reviews identified
knowledge based human error as the primary cause. These errors included one or
more of the following failure modes: (1) narrow focus, (2) conclusions based on
unverifie assumptions, and (3) inattention to detail.

2: Contributory Causes: Communication and Organizational Interfaces

Communication and organizational interfaces were contributory causes. The
following contributed to or failed to prevent the missed opportunities: (1) limited
acquisition of DCPP internal operating experience from the plant information
management system computer database, and (2) barriers to effective
communication. The home office was located in San Francisco and included the
OEA and other engineering departments, the NPG/DCPP organization was
administratively complex relative to the current organization and required several
interfaces and handoffs. Face-to-face communications with operations and
maintenance engineers was not readily facilitated..

Cause Anal sis Conclusions and Recommendations

The OEA program missed several opportunities to ensure a prompt and effective
resolution to gas voids in ECCS piping systems. Since the ECCS voiding issue
spanned many years, numerous changes have occurred to the OEA process between
1988 and 1999. Based on a review of the causes, conditions, and broken barriers
identifie in the cause analysis for NCR N0002076, it was recommended that: (1) the
current OEA process be reviewed to ensure that adequate barriers are in place to
preclude recurrence and that appropriate process barriers are added where warranted,
(2) OEA review past and current industry issue screens and verify that they were
acceptable, including reevaluating the screen for IN 97-40, (3) OEA review past and
current evaluations to ensure recommendations, when identified, were effectively
implemented, and 4) OEA ensure that the basis for previous OEA screens and
evaluations have been adequately validated and documented.

4

While not specifically related to the OEA process, engineering's review of the 1993
Westinghouse letter that specified a void fraction limitation indicates a potential
weakness. Accordingly, the cause analysis also recommended that a sample of vendor
correspondence be reviewed to ensure that design information has been appropriately
reflected in design documentation and/or procedures. The sample should consist of
correspondence which was not reviewed as part of the OEA process.
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OEA Process Broken Barrier Review

The cause analysis for NCR N0002076, identified several broken barriers in the OEA
process. The OEA group reviewed these broken barriers to validate the identified
causes for the missed opportunities and to identify any existing OEA processes that
should be corrected or improved.

As a result of this review, OEA agreed with the conclusions of the cause analysis. Also,
OEA concluded that two additional actions were warranted.

1. Perform a special assessment of various NRC INs to verify that effective screening
and evaluations have been performed (the results are discussed in the next
section).

2. Perform a comparative analysis of the OEA process "then" and "now" to identify
process improvements that have occurred and/or problem areas that may still exist.

The OEA process broken barrier review, in concert with the analysis of past and
present OEA program practices, identified many improvements in conditions associated
with OEA reviews which have been implemented during the past ten years. Examples-
include:

1. Barriers to communication were significantly reduced when OEA and several key
engineering departments relocated from San Francisco to DCPP.

2. The OEA backlog has been signiTicantly reduced allowing for more thorough and
timely evaluations.

3. Continued efforts to sustain a low backlog are supported by periodic management
review.

4. "High" priority issues are assigned to the appropriate line organization with oversight
from a cognizant OEA evaluator.

5. "Normal" priority issues are assigned at the Industry Issues Screening Committee
(IISC) meetings (the IISC consists of two NQS supervisors, an OEA evaluator and, if
necessary, a subject matter expert in the area of concern).

6. Periodic IISC meetings and management backlog review meetings result in an
independent review of issues, proposed corrective actions, and associated impact
on other plant activities.
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7. There have been signiTicant improvements and addition of tools used to access
plant operating experience. The OEA reviewers are proficient. in the use of these
tools and associated search techniques (e.g., OEA access database, plant
information system word searches, and Inter-relational database system usage).

OEA Assessment Of Other NRC Information Notices

As discussed above, a special assessment of the OEA process was performed as a
result of a review of broken barriers identified in the cause analysis for NCR N0002076.
The assessment was performed to:

1. Ensure effective screening and evaluations were performed over a similar time
period as the ECCS voiding issues were being addressed.

2. Ensure no outstanding nuclear safety issues exist.

The assessment comprised a critical review of ten NRC INs. The sample selection
included INs issued between 1988 and 1998 with varying technical issues. Additional
criteria included INs with multiple supplements to better represent key problems
identified in the cause analysis.

As a result of the OEA program assessment, observations identified in NRC Inspection
Report 98-04 on the OEA program, and a 1998 NQS OEA self-assessment, it was
concluded that:

1. Safety significant issues, identified through industry information reviews, have been
adequately evaluated and no outstanding issues have been identified as a result of
inadequate OEA reviews. As described in Attachment 2C, PG8 E will complete a
reevaluation of the industry and NRC operating experience information including IN
97-40, which is applicable to the ECCS discharge piping. The schedule for
completion of this evaluation is provided in Attachment 2C.

2. Industry event screens for DCPP applicability were appropriate and justifiable.

3. OEA evaluation recommendations are appropriately identified and tracked in the
corrective action process.

4. Many of the conditions that contributed to the inappropriate review of IN 88-23 and
supplements have been rectified (discussed in the broken barrier review section,
above).

5. Additional process improvements are warranted as discussed below.
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ACTIONS TO BE TAKEN

Based on the results of PG&E's investigation the following actions will be implemented.

1. As an interim measure, the results of the cause analysis and OEA assessment will
be reviewed with OEA evaluators. This action will be complete by September 30,
1999.

2. Lessons learned will be provided from this investigation of the OEA process to
personnel that'provide input to the OEA process. Emphasis will be placed on
practices which ensure an effective evaluation is performed, for example:

a. Checking DCPP internal operating experience for relevance.

b. Consistently, thoroughly, and promptly documenting the basis when concluding
that an issue does not require an evaluation.

c. Ensuring that design basis information is appropriately highlighted for
consideration.

d. Ensuring that OEA evaluations requiring action are accurately reflected in the
corrective action program implementing document.

This action will be completed by March 31, 2000.

3. Additional criteria will be incorporated into future OEA self-assessments to:

a. Ensure adequate reconciliation and closure of OEA recommendations which
were not implemented or not approved by management.

b. Determine if DCPP design basis information was updated to include the relevant
industry operating experience information.

This action will be completed by December 30, 1999.

4. To address the weaknesses identified in engineering's review of the 1993
Westinghouse letter that specified a void fraction limitation, PG&E will perform the
following activities:

a. Reexamine a sample of historical vendor correspondence, not reviewed as part
of the OEA process, to assess whether additional design information may have
been missed.

10
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b. Review CF7.ID4, "Processing of Supplier Engineering Information," to determine
what changes may be needed to assure that the current expectations regarding
identification of design basis information are met.

This item will be completed by December 30, 1999.

5. Although a preliminary review of the effectiveness of corrective actions implemented
in the NRC INs reviewed during this PG8 E investigation shows no indication of
outstanding nuclear safety issues, a follow-up assessment will be performed on the
sample items to ensure that all corrective actions have been implemented properly
and continue to be effective.

This action will be completed by December 30, 1999.

CONCLUSIONS

PG8 E believes that the current OEA program adequately identifies, evaluates, and
resolves significant industry issues. The specific conditions that contributed to the
inappropriate review of IN 88-23 and its supplements have been resolved. The
additional actions identified above will further enhance the OEA program.
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RECENT ACTIONS TO RESOLVE ECCS VOIDING CONCERNS

This attachment summarizes recent actions taken to resolve ECCS voiding concerns at
DCPP. It also describes the scope and status of an ongoing reevaluation of the ECCS
piping for voiding issues.

In response to INPO SOER 97-1, UT monitoring of the ECCS suction crosstie piping at
valves 8807NB was being performed because routine ECCS venting (per Surveillance
Test Procedure (STP) M-89, "EGGS System Venting") indicated the location was
susceptible to gas accumulation. In March 1998, a 2.2 ft'oid was identified at this
location in Unit 2. Engineering evaluation concluded that the void would not adversely
affect ECCS pump operation, since it was smaller. than the acceptable void volume limit
at that time (5 ft'), which was based on industry experience.

Engineering continued UT monitoring at valves 8807NB in an effort to determine the
cause of the March 1998 void. Investigation confirmed the existence of an unventable
area on the upstream side of valves 8807NB (approximately 0.2 ft'otal, which is less
than the allowable void limit (5 ft') at this location). See Figure 1.
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Engineering then requested development of a calculation to quantify the acceptable void
size at this location. Calculation STA-089, "Allowable Accumulated Gas Volume in
SIP/CCP Suction Crosstie Piping," was issued on October 14, 1998, and determined an
acceptable void volume of 0.44 ft'tvalves 8807NB (for minimum VCT pressure).
Since STA-089 contained significant conservatisms, and because it was known that in



\ ~

0



Attachment 2C
PG&E Letter DCL-99-101

general the industry was using much larger void volume limits than that calculated in
STA-089, PG&E contacted an outside engineering consulting firm to evaluate ECCS gas
voiding at DCPP and determine whether a larger allowable limitwould be acceptable.
Initial discussions with the consulting firm led PG&E to believe that a much larger limit
could be justified.

Concurrent with the consulting firm's evaluation, STP M-89A, "Void Volume
Measurement in SIP/CCP Suction Crosstie Piping," was issued to perform UT monitoring
and venting, ifnecessary, of the piping at valves 8807A/B. This STP is performed
weekly to ensure the allowable void volume calculated in STA-089 is not exceeded.

On November 12, 1998, PG&E received the consulting firm's draft report for review.
Since the consulting firm's acceptable void volume limitwas less conservative, although
not significantly different than that calculated by PG&E in STA-089, PG&E chose to rely
on its own, more conservative limit of 0.44 ft'. PG&E then determined that previous
voiding events exceeded this new acceptance limit. As a result, on November 16, 1998,
PG&E made a 10 CFR 50.72 report to the NRC for the previous events as conditions
outside the design basis of the ECCS (LER 1-98-011), and initiated Nonconformance
Report (NCR) N0002076.

In December 1998, Engineering took additional action to identify the causes of the
voiding at valves 8807A/B and installed temporary UT measuring equipment, which
includes a local readout screen for monitoring and a recorder with continuous data
acquisition capability. This equipment enables Engineering to correlate voids with
possible activities that may have caused them.

While approaching Mode 4 at the end of 1R9, void growth was closely monitored at the
8807A/B location. With input from Engineering, Operations issued a Shift Order which
detailed the action plan for monitoring ECCS void growth. The action plan directed
(1) monitoring the temporary UT equipment every 4 hours, with increased monitoring if
voids were growing, (2) venting early enough to preclude inoperability, and (3) monitoring
for voids immediately after changing RCS and CVCS parameters. During this monitoring,
it became evident that after refilling the piping systems, voids were reforming due to
outage-related activities that introduced gases into the ECCS, i.e., starting reactor coolant
pumps (RCPs) or transferring charging pumps.

When the void size had stabilized, monitoring was relaxed to once per shift, with the
knowledge that there were no further outage-related activities that would introduce air into
the ECCS. Past experience had shown that gas voids would slowly be absorbed into
solution once normal operations were resumed.

On June 24, 1999, as part of the continuing Engineering voids investigation, a field
walkdown identified that the vent at crosstie valve 8804B (Unit 2 RHR Pump No. 2
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discharge to SIPs) was installed in a vertical run of pipe approximately 18" below the
centerline of the valve. At that time, based upon immediately available engineering
information, it was determined that this location could contain a void exceeding 0.44

ft'the

limit established for the 8807NB location and conservatively applied to 8804B). Field
measurements using UT confirmed that the actual void volume was less than the
established 0.44 ft'llowable void limit. In August 1999, during the engineering
reevaluation of the voiding issue, it was determined that an evaluation had been
performed in 1992 which concluded that the vent configuration at 8804B was acceptable.
To address this issue, the adequacy of the existing vent configuration will be revalidated
and, ifwarranted, the vent valve will be modified during 2R9 and the location added to
STP M-89. In the interim, this location is monitored using UT and vented in accordance
with STP M-89B, "Venting RHR to Sl Pumps in Modes 1-4," which was effective June 28,
1999.

ECCS PIPING REEVALUATION

The cause analysis for NCR N0002076 concluded that void formation and accumulation
is primarily a function of inadequate venting while refilling piping systems during refueling
outages and maintenance activities, or due to physical locations which cannot be
completely vented because of the piping and vent configuration. Based on this cause
analysis and discovery of the 8804B (Unit 2 only) vent configuration issue, DCPP
initiated a comprehensive program to reevaluate the ECCS piping systems for potential
voiding concerns. Because of the potential for relatively small voids in ECCS suction
piping to cause operability concerns, the reevaluation initiallyfocused on the ECCS
suction piping. The scope of the reevaluation included:

1. A detailed review of piping isometrics to identify all locations which could have the
potential to allow void formation. Because of the potential for relatively small voids in
the suction piping to be a concern, the review included evaluations of long horizontal
piping runs which might trap non-condensable gases.

2. Field walkdowns to measure and evaluate the piping slopes in long horizontal piping
runs to identify potential locations for void formation.

3. A review of horizontal elbows (90'nd 45') to verify that they were not installed in a

manner which could to create a localized high point.

4. Field walkdowns of all high point vents used in STP M-89 to verify proper piping
configuration as high point vents.

Potential void accumulation points were evaluated and dispositioned using the following
methods.
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Verification that: (1) the high point was within the scope of STP M-89, and (2) the
existing physical vent configuration effectively vented the piping.

Calculations and/or evaluations performed on the as-built piping configuration, which
demonstrated that the largest void which could form was within the acceptable void
size limit for that piping location. Since the allowable void volume at any given piping
location is dependent on several variables (e.g., pipe diameter, piping configuration,
flow rates, and pressure), evaluations were performed for each specific location to
determine the acceptability of the existing configuration.

An evaluation which considered possible gas sources such as degassing or migration
and concluded no possibility of local void formation.

An evaluation which concluded that any void remaining following post-outage filland
vent will be adequately swept from the piping during normal post-outage surveillance
testing.

The conclusions of the reevaluation of the ECCS suction piping are summarized as
follows.

No new physical modifications to the plant are required, with the exception of the
following previously identified locations. For these locations, existing surveillances
(STPs M-89A and M-89B) preclude formation of unacceptable voids until necessary
plant modifications have been completed.

a. A second vent will be added upstream of 8807A8 B (both units) during 2R9/1 R10.

b. The upstream vent configuration at 8804B (Unit 2 only) will be evaluated and, if
warranted, modified during 2R9.

STP M-89 will be revised by September 30, 1999, to include five additional vents in
Unit 1 and four additional vents in Unit 2; these vents already exist in the plant. Of
the nine vent points, only one was considered to have the potential to form a void that
could exceed acceptable limits. Ultrasonic measurements taken at that point have
shown no voiding. The remaining points are located in horizontal piping runs and are
being added to STP M-89 as a precautionary measure.

The review of individual piping locations identified some instances where the method
used to filland vent portions of the system following maintenance or outages could
result in some high points not being completely vented. In these cases, operating
procedures controlling the fill/ventprocess are being enhanced and will be completed
by the end of 2R9/1 R10.
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4. A program is under development to perform improved monitoring of the ECCS and
increased venting, if necessary, prior to transition to Mode 4 following refueling
outages.

5. Although at-power maintenance requiring draining of ECCS components is not
typical, processes will be evaluated by December 15, 1999, to ensure that any
maintenance performed does not result in the introduction of unacceptable voids in
the ECCS. In the interim, a Shift Order is in place which directs Operations personnel
not to clear ECCS components (system breach type clearances) until an Engineering
evaluation has been completed. The purpose of this evaluation is to ensure that any
voids introduced during maintenance are either determined to be acceptable or
adequately vented prior to returning the component to service.

As detailed above, the reevaluation of the ECCS suction piping did not identify any
additional areas which would have caused a concern for the past operability of the
ECCS. However, the evaluation did identify areas where enhancements could be made
to existing procedures and surveillances; these enhancements will be completed by the
end of 2R9/1R10. In addition, PGBE intends to complete a reevaluation of the ECCS
discharge piping with respect to voiding issues. This will also include reevaluation of
pertinent industry and NRC operating experience information, including IN 97-40, and will
be performed prior to 1R10.

CONCLUSIONS

PG8 E believes that STP M-89 is adequate to prevent challenges to the operability of the
ECCS due to voiding issues. In addition, STPs M-89A (8807A/B) and M-89B (8804B,
Unit 2 only) are in place to address known void locations, and will be performed until
necessary design. modifications have been implemented. As discussed above,
enhancements to existing surveillance and operating procedures are being implemented.

Based on past surveillance data and additional monitoring of the ECCS following plant
evolutions and refueling outages, PG8 E has concluded that there are currently no
ongoing void generation mechanisms in the ECCS with the plant at power other than the
potential to introduce voids via maintenance activities. The processes governing these
activities will be ev'aluated to ensure that any maintenance performed does not result in
the introduction of unacceptable voids to the ECCS.

In summary, PG8 E believes that the current system design and the programmatic and
hardware enhancements described above will ensure that voids in ECCS piping will not
adversely affect ECCS system operability.
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SAFETY EVALUATION

The attachments to this enclosure provide a deterministic safety significance evaluation
(Attachment 3A), probabilistic risk assessment (Attachment 3B), a realistic pump integrity
assessment analysis (Attachment 3C), and an evaluation of the apparent violations in
accordance with the NRC proposed Significance Determination Process (Attachment
3D). These analyses indicated that the apparent violations were of low safety
significance due to design diversity.
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DETERMINISTIC EVALVATION

The deterministic analysis (including a detailed analysis by Westinghouse) included three
conservative assumptions.

1. Either both SIPs or both CCPs are assumed to fail immediately upon ingestion of the
void.

2. PG8E assumed an additional single failure, i.e., one of the remaining CCPs or SIPs
would immediately fail and the remaining pump operates on its minimum acceptable
pump curve.

3. Containment spray was assumed to have occurred resulting in the worst case small
break LOCA scenario quickly depleting the RWST inventory and forcing early entry
into the cold leg recirculation phase.

PGB E concluded that the ECCS safety function (i.e., 10 CFR 50.46) would have been
maintained when considering the described void conditions because:

1. Decay and fission product heat would be removed.

2. The core would remain covered and make-up for boiloffdue to decay heat would be
maintained.

3. Peak clad temperature (PCT) would increase but remain approximately 600'F less
than the limitof 2200'F.

Effect on Plant 0 erations

Injection Phase

The accumulated gas volume found at DCPP was in the CCP/SIP suction crosstie
piping, which is isolated during the injection phase of a LOCA (i.e., valves 8804A/B and
8807A/B remain closed). Therefore, ECCS injection function is unaffected by the voided
condition.

Cold and Hot Leg Recirculation Phases

When refueling water storage tank (RWST) inventory drops to the 33 percent level, the
RHR pumps automatically trip and the operators complete switchover to cold leg
recirculation per emergency operating procedure (EOP) E-1.3, "Transfer to Cold Leg
Recirculation." During this switchover, valves 8807A/B are opened. As explained below,
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opening these valves may cause the void to move to either both CCPs or both SIPs,
thereby affecting recirculation phase flow.

In accordance with EOP E-1.3, valve 8804B is opened to direct RHR Pump No. 2
discharge to the suction of the SIPs. Crosstie valves 8807A/B are then opened to align
RHR Pump No. 2 discharge to the suction of the CCPs. Ifgas has accumulated in the
cross-tie piping near valves 8807A/B, it would enter the suctions of both CCPs. If RHR
Pump No. 2 was not available, RHR Pump No. 1 would be aligned to both CCPs and
then to both SIPs, resulting in gas entering the suctions of both SIPs.

The above sequence of operation (including an assumed operator error) and the flow
paths in the figure below show that the gas voids at valves 8807A/B could be directed to
either both CCPs or both SIPs, but cannot be directed to all four pumps simultaneously.

FIGURE 1 —Cold Recirculation Flowpath
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Hot leg recirculation is initiated at 10.5 hours after the LOCA to reduce the boron
concentration in the core caused by boiling. High boron concentration is a concern for a
cold leg break LOCA where the majority of ECCS injection flow bypasses the core and
flows into the downcomer and out of the cold leg break. There are three independent hot
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leg recirculation flow paths available, one from each SIP and one from the RHR Pump
through valve 8703 which is powered from Bus G. Any one of the hot leg flow paths is
capable of providing the required minimum flow of 300 gpm. Therefore, by losing either
one of the SIPs or both SIPs, the hot leg recirculation function is not degraded.

PG8 E did not analyze or take credit for a gradual or prolonged failure of the CCPs or
SIPs. Rather, PG8 E assumed the immediate failure of either both CCPs or both SIPs at
the beginning of the recirculation phase (i.e., a worst case failure).

A~id t T

Only a LOCA is potentially affected by the voided condition because it is the only
accident which requires switchover to the cold and hot leg recirculation phases. In
addition, the small break LOCA bounds the large break LOCA in this case. During a
large break LOCA, the RCS depressurizes rapidly and the RHR pumps provide the
majority of the flow required to lower PCT. During a small break LOCA, reactor coolant
system (RCS) pressure remains elevated at the time of switchover to cold leg
recirculation and could still be higher than RHR pump cut-in pressure and accumulator
discharge pressure. In this case, core cooling would rely only on the CCPs and SIPs.

Break Size

The smaller the break, the higher the RCS pressure at the time of the switchover. This,
results in less injection flow to cool the core. However, a smaller break is also less likely
to result in containment spray actuation, which will delay the start of cold leg
recirculation.

Worst Case Single Failure:

The loss of Bus F disables SIP ¹1 and valve 8807A. When the operator starts RHR
Pump No. 2 and opens valve 8807B as directed by EOP 1.3, the gas void is pushed
into, and gas binds, both CCPs. As a result, Sl Pump No. 2 is the only remaining ECCS
pump. Loss of either Bus G or H would result in at least two CCPs or SIPs remaining
operable. Therefore, the worst case single failure for this condition is the loss of Bus F.
(A solid state protection system (SSPS) train failure could also result in only Sl Pump No.
2 operating, but other pumps can be quickly restarted prior to the switchover).
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Conditions Prior to the Event

The following conditions are assumed to be present prior to switchover to recirculation:

1. A small break LOCA has occurred.

2. A minimum of one RHRP, SIP, and CCP are operating.

3. Containment spray has been actuated to quickly deplete the RWST inventory and to
force early entry into cold leg recirculation. This results in higher decay heat loads
which must be removed by the available ECCS.

4. PCT has risen to approximately 1000'F and is slowly decreasing. (See discussion
below).

5. RCS pressure has decreased and stabilized at a pressure higher than the RHRP cut-
in pressure and the accumulator discharge pressure. This results in no RHR and no
accumulator flow to the RCS.

Event Initiation and Results

At the time of switchover to cold leg recirculation, Bus F fails. The failure causes a loss
of SIP ¹1 and valve 8807A. When the operator opens valve 8804B to supply RHRP
discharge to the suction crosstie, the void is swept into the common suction line for the
CCPs. The gas causes both CCPs to become inoperable, leaving only SIP ¹2 available
for recirculation flow.

Westinghouse performed a series of DCPP-specific containment pressurization
'alculationsbased on a spectrum of break sizes (1.5, 2, 2.5 and 3 in.) for this event.

None of these resulted in containment spray pump actuation. Two bounding LOCA
calculations were also performed to determine the PCT: (1) a 3 in. break LOCA without
containment spray, and (2) a nonmechanistic 3 in. break LOCA which superimposed
containment spray actuation. The latter case resulted in the worst case because it
bounds all of the larger break sizes, yet forces earlier cold leg switchover to remove a
higher decay heat load with the least ECCS flow (i.e., only one SIP).

The first 3 in. break LOCA case (without containment spray pump actuation) resulted in a
PCT of 1000'F approximately 25 minutes into the injection phase. PCT decreased
below 500'F in approximately 40 minutes, and to 420'F at 3.3 hours. At 3.3 hours,
ECCS is still in the injection phase and RWST water level has not yet reached the 33
percent switchover setpoint. More than 3.3 hours into the accident, the plant would be
expected to initiate a plant cooldown in accordance with EOPs. The presence of the void
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would have no effect on this scenario, since the plant would not enter the cold leg
recirculation phase.

Since core decay heat production drops exponentially as a function of time, an earlier
switchover time to cold recirculation with one pump operable would be worse than a later
switchover time. Factors that can affect the time to switchover include the number of
pumps drawing water from the RWST, the initiation of containment spray, and the size of
the break. Therefore, to minimize the time in the injection phase, containment spray was
assumed to be operating in the second case.

For the second 3 in. break LOCA case (superimposing actuation of two containment
spray pumps, and a high RCS pressure, thereby minimizing ECCS injection flow), cold
leg switchover occurs approximately 28 minutes after initiation. With only one SIP
available for recirculation, PCT would increase from 1000'F to 1616'F at approximately
45 minutes into the accident. However, even without operator intervention and with only
one SIP operating, PCT drops to below 800'F at 2.7 hours.

Conclusion

The gas voids found in the ECCS piping have no effect on the injection phase. PG8 E
made several conservative assumptions in the evaluation of the voids impact on
recirculation which in PGRE's opinion overestimate the impact of the gas void (Refer to
Attachment 3C —Realistic Pump Integrity Assessment). Even with these conservative
assumptions, the gas voids could only affect either the CCPs or SIPs but not all four
pumps. Therefore, due to design diversity, ECCS capability would have been
maintained. While PCT would increase it would still remain approximately 600'F less
than the maximum allowable limit of 2200'F. Nevertheless, with either the CCPs or SIPs
unavailable due to the postulated effect of the void, design diversity is reduced. Given
the nuclear industry's reliance upon design diversity and defense in depth philosophy,
this occurrence is not an acceptable situation and certainly not consistent with PGB E
management expectations.
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PROBABILISTIC RISK ASSESSMENT (PRA) SUMMARY

The PRA of past operability concerns assumes that, for an unspecified time period, the
cold leg recirculation capability could have been reduced to two out of four pumps due to
the loss of either the charging or Sl pumps. The PRA was performed using the latest
DCPP PRA Model (1999), input from the deterministic analysis and initiating event
frequencies from NRC publication NUREG/CR 5750. This assessment considered the
following:

PRA Assum tions

1. The injection capability of the high head injection pumps (i.e. CCPs or SIPs), taking
suction from the RWST, was not affected by the gas void issue.

/

2. The RHR pumps would not have been affected in the injection or recirculation mode.

3. In response to LOCAs with a break size smaller than 3 in., the plant would not enter
cold leg recirculation (i.e. the RWST inventory would not be depleted to an extent that
operation in the recirculationmode would be required).

4. In response to large LOCAs (break size greater or equal to 6 in.), the RCS would
depressurize rapidly. Thus, the need for flowfrom the SIPs and CCPs in recirculation
mode is not signiTicant and the RHR pumps could inject sufficient water to prevent core

, melt.

5. For break sizes between 3 in. and 6 in., recirculation flow from the high head Sl pumps
is significant. In PRA,.the Medium LOCA (MLOCA)initiating event defines this
spectrum of break sizes (actually the MLOCAinitiating event includes break sizes
between 2 in. to 6 in.). The deterministicanalysis indicates that for MLOCAs and
during the recirculation phase, only one high head safety injection pump would be
sufficient to keep the PCT below 1616'F.

Results and Conclusions

The change in core damage frequency was calculated as 3.37E-7 per year based on the
contribution of MLOCAto core damage frequency. This number is different than previously
provided to the NRC and quoted in the inspection report. The difference is due to the
assumption that the void situation could exist for an entire year and the use of NUREG/CR
5750 estimate of the MLOCAfrequency. Based on this result, it is concluded that the
subject plant configuration was not risk significant even ifthe undesirable gas
accumulation was present for the entire year.
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Conservatism s

1. The analysis assumes that the accumulated gas is present at all times and in
sufficient volume to result in damage to both pumps (i.e. in the recirculation mode, the
conditional common cause failure probability of pumps is assumed to be 1.0). This is
very conservative on the basis that the volume of the accumulated gas in most cases
would not have been large enough to fail even one pump with the probability of 1.0.

2. The MLOCA initiating event frequency estimate used in this analysis is based on the
assumption that all break sizes between 3 in. and 6 in. would require recirculation. This
is conservative because:

a. The main reason for being forced to go to the recirculation mode of operation is the
depletion of the RWST inventory due to the actuation of the CS pumps. This is
judged to be conservative because not all MLOCAS result in CS actuation.

b. For break sizes between 3 in. and 6 in., direct RHR injection is not credited based
on the assumption that the RCS would not be depressurized enough (i.e. the RCS
pressure is assumed to stay above 200 psig) to allow direct RHR injection. The
deterministic analysis indicates that the RWST inventory supports at least 28
minutes of direct injection. For break sizes between 5 in. and 6 in. it is probable that
operators (per EOPs) would be able to depressurize the RCS below 200 psig where
RHR operation in the recirculationmode would be sufficient to prevent core
damage.

c. In this PRA, the MLOCAinitiating event frequency is estimated based on the
spectrum of breaks between 2 and 6 in. The deterministic analysis excludes break
sizes between 2 and 3 in. from resulting in operation in the recirculationmo'de.
Therefore, the initiating event frequency used in this calculation is conservative.
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REALISTIC PUMP INTEGRITYASSESSMENT

As noted in the deterministic safety evaluation above, PG&E conservatively assumed
that either both SIPs or both CCPs would immediately fail once the void fraction of the
process fluid exceeds 5 percent. The evaluation also assumed an additional single
failure. This evaluation identifies several realistic assumptions related to voiding that
originate from a review of the plant configuration, industry information, and engineering
judgment. PG&E believes that a discussion of these assumptions provides a better
perspective of the actual void conditions and their effects.

Realistic assumptions considered in an assessment of voiding include:

1. Characterization of the actual void sizes seen in the piping adjacent to valves
8807NB.

2. Void impact.

Void Measurement

The void volume of 4.0 ft'reviously measured on July 27, 1994, by the decrease in the
VCT level was very conservative based on actual observations from more recent
experience where continuous UT measurements were displayed on a monitor while
performing the venting. It was observed that:

1. Venting is not effective once the water level reaches the elevation of the vent
opening. This is because the vent line is lo'cated on a horizontal 4 in. line while the
actual high point is on the adjacent horizontal 6 in. line (see Figure 1 in Attachment
2C). These sections of piping are inclined (less than 1 degree) upward to the 6 in.
piping. This piping configuration results in a thin layer of unventable gas. Once this
condition occurs, only a minimal amount of gas can be vented. It would be
accompanied by a significant amount of purged water (because the trapped void can
escape only when the vent opening is uncovered).

2. During the venting process, a stream of "milky"water has been observed. However,
the continuous UT monitor indicated that the void volume did not decrease. This
occurs because dissolved gases come out of solution as the pressure drops across
the vent valve. Water clarity is often used as an indication that venting has been
completed successfully (no air bubbles or "milky"water). In this case, the presence of
"milky"water was not a good indicator that the gas venting was complete. Using
clarity as an indicator resulted in more than 1000 gallons of water being purged from
the system to vent approximately 1 gallon of trapped gas during a recent event.
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Based on the above, the VCT inventory loss was much more than the actual void volume
vented. Therefore, the measured 4.0 ft'void, based on measured VCT level changes,
was likely much smaller.

In addition, based on a review of available records of venting, it was noted that void
volumes determined from VCT level reductions always resulted in a larger void volume
than that recorded from direct UT measurement.

The largest void volume recorded by direct UT measurement was 2.2 ft'. This would
result in a gas layer in the horizontal section piping which consisted of approximately
10 ft of 6 in. piping and 35 ft of 4 in. piping (see Figure 1). No void would extend into any
vertical sections of the piping after opening valves 8807A/B during the cold leg
recirculation alignment . This 2.2 ft'fgas would be compressed by the RHR pump
discharge pressure to a void volume of approximately 1.2 ft'. The void would be
expected to mix with the incoming RHR flow because of vertical drop and 90 degree
elbows in the piping leading to the suctions of the SIPs. Once the gas/water mixture
reached the suction header, it could reasonably be expected to split (because of the high
velocity), resulting in approximately 0.6 ft'er pump to either the SIPs or the CCPs. This
0.6 ft'eaching the pump suction would result in a void fraction of less than 20 percent
over 5 second period. Per pump operating conditions outlined in NUREG/CR-2792, "An
Assessment of Residual Heat Removal and Containment Spray Pump Performance
Under Airand Debris Ingesting Conditions," this momentary (approximately a 5 second
period) ingestion of a fluid with a 20 percent void fraction would not be expected to cause
catastrophic pump failure, and the pump would continue to operate.

Pum Void Fraction

Due to the lack of actual pump test data, the vendor has imposed a void fraction limit of 5
percent to assure performance will not be degraded. PG8 E believes these limits are
conservative. However, the concern over the void found near valves 8807A/B is not a
pump performance issue but a pump integrity issue when the void passes through the
PulllP.

NUREG/CR-2792 did not specifically address pump integrity. However, two of the key
concerns associated with a transient void are the impacts on overall pump integrity. The
impacts include impulse/momentum effects of changing media impinging on the impeller
and introduction of pump instabilities due to the presence of the void. These transient
effects are caused by the short-term introduction of a gas into the pump and a reduction
of the working fluid within the volume of the pump. The NUREG indicates that as the
void passes through the pump stages, transient effects are expected to diminish.

As observed at DCPP, the single stage RHR single stage pumps experienced elevated
void fractions and air bound the pumps in 1987. Operators observed erratic pump
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amperage indication and tripped the pumps. Although both RHR pumps were air bound,
no actual pump damage was detected. Twelve years after the event, there has been no
observed pump degradation.

This information can be applied to multi-stage pumps. NUREG/CR-2792 included
information relating pump performance under air ingesting conditions to the number of
stages in the pump. This data, illustrated in Figure 3-9 of NUREG/CR-2792, shows that
"at a given air volume fraction, degradation in performance is less pronounced at higher
inlet pressures and in multi-stage pumps." These trends were attributed to the fact that
"air is raised to a higher pressure at each stage and has less effect on the performance
of the next stage." This data supports a conclusion that the effects of small void fraction
over short durations is not expected to adversely affect pump operability.

NUREG/CR-2792 concluded that the operation of a CCP with low void fractions in the
process fluid would cause minimal pump performance degradation while operation at a
higher void fraction would result in correspondingly higher levels of degradation. Testing
was performed to void fractions as high as 20 percent. Pump steady state performance
was significantly degraded; however, the integrity of the pump was maintained since a
continuous pump performance curve was obtained. Furthermore, the report concluded
that multiple-stage pumps operating with a boosted pump suction inlet pressure and near
its rated flow (ref. Figure 3-8 and 3-9 of the NUREG), would be much less sensitive to the
effects of voids.

At DCPP, the CCPs are 11-stage and the SIPs are 10-stage pumps. During the
recirculation phase, pressure at the pump suctions is boosted by the RHRP discharge
pressure. The forced supply of water to the pump suctions willdiminish the effects of the
void because of gas compression. The forced fluid flow will help transport small gas
bubbles through the pump. The forced fluid flow to the CCPs and SIPs will also minimize
the impacts of the voids as they pass through the pumps. The forced flow will result in a
clearing action which is expected to sweep the voids through the pump, significantly
reducing the possibility of air binding the pump. This priming effect helps assure that the
presence of the voids would be of short duration and of minimal impact.

In summary, PG8 E used conservative estimates for void size and assumed immediate
pump failure in its deterministic safety evaluation. Additionally, based on realistic
assumptions, PG8 E believes that actual voids (based on VCT level change) have been
considerably smaller than reported and that the voids would have caused little or no
pump degradation.
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SIGNIFICANCE DETERMINATIONPROCESS (SDP) EVALUATION

PG8 E performed an SDP evaluation of the apparent violations in accordance with the
guidance provided in SECY-99-007A, "Recommendations for Reactor Oversight Process
Improvements," dated March 22, 1999 and guidance provided at the August 12, 1999,
workshop. As discussed in the deterministic safety evaluation, the only design basis
accident affected by the evaluation was the LOCA since other accidents do not require
the switchover to cold and hot leg recirculation. In addition, the small break LOCA was
the only scenario analyzed because it bounds the medium and large break LOCAs.
During the medium and large break LOCAs the RCS pressure decreases rapidly and
RHR provides the majority of the flow required to cool the core and to prevent increases
in PCT.

As allowed in the SECY guidance, an additional single failure was not assumed.
Consequently, assuming that both CCPs are disabled due to ingestion of the void, two
SIPs (a multi-train system) were immediately available to mitigate the consequences of
the break. As expected and consistent with PG8E's deterministic safety evaluation and
PRA, the SDP Phase 2 evaluation concluded the condition screened out as "green" or
low significance.
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RESPONSE TO APPARENT VIOLATIONS

The presence of voids in ECCS suction piping and the associated potential adverse
consequences has resulted in the issuance of numerous NRC and industry operating
experience documents since 1988. PG&E has taken many actions to address these
issues during this period. When evaluating the adequacy of PG8E actions, it is
important to have a comprehensive understanding of all relevant facts and place them
in perspective. The response cover letter, Executive Summary, and the other
enclosures to this response have been included to provide this overview and
perspective. The Response to the Apparent Violations which follows contains a
summary of this information and relies upon it for a full explanation of the adequacy of
PG8 E's actions.
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RESPONSE TO APPARENT VIOLATIONS
INSPECTION REPORT NOS. 50-276/99-07 AND 50-323/99-07

On July 27, 1999, as part of NRC Inspection Report (IR) Nos. 50-275/99-07 and
50-323/99-07, NRC Region IV issued two apparent violations to Diablo Canyon Power
Plant (DCPP), Units 1 and 2. The statements of the apparent violations and PG8 E's

responses are documented below.

STATEMENT OF APPARENT VIOLATIONA.1

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 and
identified and corrected. The March 27 and 28, 1999, failures to identify that the void
size exceeded the acceptance criteria specifiedin Procedure STP M-89A and the
associated failures to promptly vent the emergency core cooling system (ECCS) piping
is the first example of an apparent violation of 10 CFR Part 50, Appendix B, Criterion
XV/ (50-275/990007-01, Example 1).

REASON FOR THE APPARENT VIOLATIONA.1

PG&E agrees with the violation as stated in the inspection report. A Shift Order was
issued on March 11, 1999, to provide instructions for the operating crews to monitor
voids in the Unit 1 emergency core cooling system (ECCS) piping upstream of valves
8807A/B. The Shift Order required monitoring void growth at specific intervals per
Surveillance Test Procedure (STP) M-89A, venting to prevent inoperabilty of the ECCS,
and monitoring void size after changes in reactor coolant system (RCS) or chemical
volume and control system parameters. However, the Shift Order did not identify
specific void growth limits or define clear lines of communication ifthe void exceeded
STP M-89A acceptance criteria.

CORRECTIVE STEPS TAKEN AND RESULTS ACHIEVED FOR APPARENT
VIOLATIONA.1.

A new Standing Order was issued to provide clarification of void monitoring
expectations, as well as a specific value which, ifexceeded, requires immediate

: notiTication to the shift foreman and the Inservice Inspection Group. The Standing
Order also contains specific instructions regarding when void monitoring is required and
directions to enter Technical Specification (TS) 3.0.3 ifthe void size criteria of
STP M-89A is exceeded.
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CORRECTIVE STEPS TO BE TAKEN TO PREVENT RECURRENCE FOR
APPARENT VIOLATIONA.1

OP1.DC17, "Control of Equipment Required by the Plant Technical Specifications," will
be revised to provide guidance to individuals tasked with increased monitoring of plant
parameters. The guidance will include the reason a specific parameter is to be
monitored, the associated limits, the lines of communication when a parameter is
exceeded, and the actions to be taken.

DATE WHEN FULL COMPLIANCE WILLBE ACHIEVED

PG&E is presently in full compliance.

OP1.DC17 will be approved prior to the next refueling outage (2R9), which is presently
scheduled to begin on September 27, 1999.
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STATEMENT OF APPARENT VIOLATIONA.2

10 CFR Part 50, Appendix B, Criterion XVI, requires that, in the case ofsignificant
conditions adverse to quality, measures shall assure that corrective action is taken to
preclude repetition. Failing to incorporate the maximum design voiding limitof 0.496
cubic feetinto operating or surveillance procedures and failing to refer to this
calculation to address subsequent voiding issues is the second example of an apparent
violation of 10 CFR Part 50, Appendix B, Criterion XVI(50-275/990007-01, Example 2).

REASON FOR THE APPARENT VIOLATIONA.2

PG8 E agrees with the violation as stated in the inspection report. Although the
0.496 ft'calculation was performed for a different purpose (evaluation of a volume
control tank (VCT) depressurization rate limit), this was a missed opportunity to include
specific voiding limits into plant design documents and procedures. At the time the
calculation was performed, engineering believed that periodic venting was adequate to
maintain ECCS operability. Furthermore, when a limitwas subsequently established,

. the limitwas based on engineering judgment and failed to consider that a calculation
had previously been performed.

CORRECTIVE STEPS TAKENAND RESULTS ACHIEVED FOR APPARENT
VIOLATIONA.2

Another calculation (STA-089) was completed to specify a limit for the void volume in
the ECCS suction crosstie piping adjacent to valves 8807AlB (the specific area of
voiding in 1991,1994, 1998, and 1999). The calculation used several, conservative
inputs, including a 5 percent void fraction limitation at the pump suction. These limits
are included in STP M-89A, "Void Volume Measurement in SIP/CCP Suction Crosstie
Piping." This procedure is used to perform weekly monitoring, and if necessary, venting
of ECCS piping.

CORRECTIVE STEPS TO BE TAKEN TO PREVENT RECURRENCE FOR
APPARENT VIOLATIONA.2

The 5 percent void fraction limitation recommended by Westinghouse will be
incorporated into the appropriate design criteria memoranda (DCM).

PG8 E will perform a review of CF3.ID2, "Design Criteria Memorandum," to determine
what changes may be needed to assure that the current expectations regarding DCM
content are clearly presented.

Additional actions being taken regarding operating experience assessment
improvements are discussed in Enclosure 2, Attachments 2B and 2C.
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DATE WHEN FULL COMPLIANCE WILLBE ACHIEVED

PG8 E is presently in full compliance. Other actions stated in Attachment 2B and
2C of Enclosure 2 will be completed by the dates provided in the attachments.

The review of CF3.ID2 and the DCMs will be completed by March 31, 2000.
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STATEMENT OF APPARENT VIOLATIONB

Since the void detected in the Unit 2 ECCS piping significantly exceeded the (current
STP M-89A) operability limitof 0.44 cubic feet, either both SI pumps or CCPs were
inoperable when the 2.2-cubic foot void had existed. Two trains ofan ECCS were
inoperable for Unit 2 from March 27 through Apnl 2, 1998, a 6-day period. Technical
Specification 4.5.2 requires two trains of ECCS to be operable but, ifboth trains of
ECCS are inoperable, Technical Specification 3.0.3 applies... The failure to fake the
shutdown actions prescribed by Technical Specification 3.0.3, when both trains of
ECCS were inoperable because ofgas void, is an apparent violation of Technical
Specification 4.5.2 and Technical Specification 3.0.3 (50-275/990007-02).

REASON FOR APPARENT VIOLATIONB

As stated in the response to apparent violation A.2, PG8 E acknowledges that a more
conservative acceptance criterion for void size should have been developed and used
during the operability'evaluations in 1994 and during the cited event in March 1998.
Since the acceptance criterion provided to operations by engineering at the time the
events occurred was 5 ft', it naturally follows that the appropriate TS was not met.

PG8 E evaluated the actions taken by the operators and concluded their actions were
taken in accordance with the information available to them at the time; but nevertheless
still constitutes violation of the TS in hindsight.

CORRECTIVE STEPS TAKEN AND RESULTS ACHIEVED FOR APPARENT
- VIOLATIONB.

The actions taken to address this issue are discussed in the response to apparent
violation A.2

CORRECTIVE STEPS TO BE TAKEN TO PREVENT RECURRENCE FOR
APPARENT VIOLATIONB.

Additional actions that will be taken to address this issue are discussed in the response
to apparent violation A.2

DATE WHEN FULL COMPLIANCE WILLBE ACHIEVED

PG&E is presently in full compliance.

See response to apparent violation A.2.
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ACTIONS TAKEN REGARDING NONCITED VIOLATION

The inspection report identified a noncited violation for failure to perform a safety
evaluation pursuant to 10 CFR 50.59 for a procedure change to Standard Test
Procedure (STP) M-89A. The change, which required tagging emergency core cooling
system (ECCS) suction crosstie valves 8807A/B closed, differed from the switchover
alignment described in the Diablo Canyon Power Plant Final Safety Analysis Report
(FSAR).

Discussion

PG8 E evaluated this concern and determined that a safety evaluation should have
been performed for the procedure change to STP M-89A. The safety evaluation had
not previously been performed because of personnel error on the part of the evaluator
and the independent reviewer.

A follow-up safety evaluation concluded that the change to the procedure involved a
change to the FSAR; however, it did not involve an unreviewed safety question.

PG8 E initiated an nonconformance report for the failure to perform an adequate safety
evaluation, and issued a lessons learned document regarding the event. The reasons
for the error were considered isolated and did not have generic implications pertaining
to the adequacy of other safety evaluations.
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