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On November 16, 1998, at 1435 PST, with Units 1 and 2 in Mode 1 (Power Operation) at
100 percent power, PG&E determined that the emergency core cooling system (ECCS)
could have been outside its design basis due to gas voiding in the suction crosstie piping.
Recent analysis and calculations indicated that past occurrences of gas voiding could
have impacted the operability of either both safety injection pumps or both chemical and
volume control system centrifugal charging pumps during the recirculation mode of a loss
of coolant accident by exceeding a 5 percent void fraction limit in the process fluid at the
pump suctions. A 1-hour non-emergency report was made to the NRC in accordance with
10 CFR 50.72(b)(1)(ii)(B), on November 16, 1998, at 1454 PST.

PG&E discovered the condition during surveillance testing and system monitoring done as
a result of INPO Significant Operating Experience Report 97-1, "Potential Loss of High
Pressure Injection and Charging Capability from Gas Intrusion."

The cause of voiding has been determined to be air trapped in the system during outage
conditions, followed by inadequate fillingand venting. In addition, the void that forms in
the suction crosstie piping cannot be completely vented due to the piping configuration.

PG&E continues to perform ultrasonic testing on a weekly basis and venting as
necessary. Data acquisition equipment is used to help determine the source and size of
gas voiding. Procedures will be revised to improve filling and venting methods during
outage conditions. Vents will be added to facilitate venting the currently unventable
section of the ECCS suction crosstie piping.
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Plant Conditions

Units 1 and 2 were in Mode 1 (Power Operation) at 100 percent power.

II. Descri tion of Problem

A. Summary

On November 16, 1998, at 1435 PST, with Units 1 and 2 in Mode 1 at 100
percent power, PG8 E determined that the emergency core cooling
system (ECCS) may have been outside its design basis due to gas
voiding in the suction piping. Recent analysis and calculations indicated
that past occurrences of gas voiding could have impacted the operability
of either both safety injection pumps (SIPs) (BQ)(P) or both chemical and
volume control system (CVCS) centrifugal charging pumps (CCPs)
(CB)(P) during the recirculation mode of a loss of coolant accident (LOCA)
by exceeding a 5 percent void fraction limit in the process fluid at the
pump suctions. A 1-hour non-emergency report was made to the NRC in
accordance with 10 CFR 50.72(b)(1)(ii)(B), on November 16, 1998, at
1454 PST. =

Background

The ECCS at Diablo Canyon Power Plant (DCPP) is designed such that
the residual heat removal (RHR) system pumps (BP)(P) provide flow from
the containment (NH) recirculation sump (SUMP) through crosstie piping
to the suction of the SIPs and CCPs during the recirculation mode of a
LOCA. (See Attachment 1, "ECCS System (Partial) Recirculation
Lineup.") During switchover from the injection phase to cold leg
recirculation, the SIPs and CCPs are not stopped. They run continuously,
taking a suction from the refueling water storage tank (RWST)(TK) initially,
and then from the RHR pumps after opening Valves 8804A/B and
8807A/B.

Various initiatives have been undertaken by the Westinghouse Owners
Group, the NRC, and others to support continuous operation of pumps with
air and/or gas entrainment with various void fractions. WCAP-11916, "Loss
of RHRS Cooling While The RCS is Partially Filled," and NUREG/CR 2792,
support a void fraction limitof less than or equal to 3 percent in the
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pump process fluid as no degradation in performance except that due to
change in fluid density. Subsequently, Westinghouse Letter PGE 88-279,
"Potential Gas Binding of Sl Pumps," conservatively established a 5
percent void fraction for pump operations.

Technical Specification (TS) 4.5.2.b.1, "ECCS Subsystems - Tavg Greater
Than or Equal to 350 Degrees F," verifies that the ECCS piping is full by
venting the ECCS pump casings and accessible discharge piping high
point vents at least once every 31 days. This TS is met using
Surveillance Test Procedure (STP) M-89, "ECCS System Venting." The
procedure, in addition to venting pump casings and accessible discharge
piping high points, vents certain suction piping, including that adjacent to
Valves 8807A/B. However, this piping contains an unventable area due
to the current configuration. To monitor this unventable piping, STP
M-89A, "Void Volume Measurement in SIP/CCP Suction Crosstie Piping,"
was developed and is performed weekly. The procedure uses ultrasonic
testing (UT) to determine void presence and size, and vents the piping, if
necessary.

TS 4.5.3.1, "ECCS Subsystems - Tavg Less Than 350 Degrees F,"
requires that the ECCS subsystems be demonstrated operable per the
applicable surveillance requirements of TS 4.5.2.

Event Description

In 1994, as shown on the table below, PGBE identified gas voids in the
area shown on Attachment 2. The voids were discovered while
performing STP M-89. The procedure vents predetermined sections of
ECCS piping to partially satisfy TS 4.5.2.b.1 and 4.5.3.1. The void sizes
were estimated by determining the coincident decreases in volume control
tank (VCT)(TK) levels which occurred at about the same time or by UT.

Unit Date
Identified

Gals Cu. ft. Meas. Nlethod

1 01/1 0/91
1 05/1 8/94

7.5 1.0 UT
UT

1 07/27/94
2 04/26/94

30
25

4.0
3.3

VCT Level Drop*
VCT Level Drop*

* Void volume measured by VCT ievel drop is extremely conservative since the VCT level
drop represents the total air/water voiume purged from the vent.
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On June 2, 1994, PGBE completed an evaluation of the voids and the
potential for them to render the SIPs or CCPs inoperable. The evaluation
concluded that voids up to 5,ft'ere acceptable since void size would
decrease significantly due to pressurization by the RHR pumps when
boosting the SIPs and CCPs during post-LOCA recirculation. This
conclusion was based on known system parameters (pump head, flow,
and pressure drop), discussions with Westinghouse, engineering
judgment, and review of industry information.

On March 27, 1998, UT identified a gas void of 16.7 gallons (2.2 ft') in the
ECCS crosstie piping in Unit 2. UT was being performed in response to
Significant Operating Experience Report (SOER) 97-1, "Potential Loss of
High Pressure Injection and Charging Capability from Gas Intrusion."
Based on the 1994 evaluation, no immediate operability concern was
identified. However, the condition was evaluated further to determine the
source of gas voiding and the need for continued UT. UT frequency was
increased as a result.

On October 14, 1998, PG8 E completed a calculation which quantified the
allowable gas accumulation in the CCP/Sl suction crosstie piping. The
calculation resulted in an acceptable volume of 0.44 ft'nd included the
following assumptions:

1. No greater than a 5 percent void fraction in the process fluid at the
pump suctions, combined with a short time duration of 5 seconds,
were imposed in the calculation. The 5 percent void fraction limitwas
not considered in previous operability evaluations in 1994 and March
of 1998.

2. Full flow through Valve 8804A was assumed to occur when the valve
is 50 percent open. The time to stroke 8804A to the 50 percent open
position was assumed to be 5 seconds based on the actual 9-10
seconds to fullyopen the valve. This is consistent with assumptions in
number 1 above.

3. The static pressure on either side of Valves 8807A/B willvary during
normal plant operation depending on the static head from the RWST
and VCT pressure. For purposes of the calculation, VCT pressure
was used as the controlling parameter for determining gas void

- volume.
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The calculation provided data for a graph of VCT pressure versus
allowable gas void size. The previously identified voids, when plotted on
the graph, indicated that the 5 percent void fraction would be exceeded. =

Therefore, PG8 E could not assure that the SIPs and CCPs would remain
operable during the recirculation phase of a postulated LOCA once the
large void had been swept into the pumps.

Since STP M-89A was approved in October 1998, which established a
much smaller void limit, UT has been performed on at least a weekly
basis. No voids greater than the allowable have been identified in the
subject'piping in either unit since March 27, 1998. [Note that a void was
identified on March 27 and 28, 1999, in Unit 1 near Valve 8807B which
appeared to have exceeded STP M-89A acceptance criteria (0.44 ft')
when read with installed equipment. However, more accurate equipment
indicated that acceptance criteria had not been exceeded. Another void
was discovered adjacent to Valve 8804B in Unit 2 on June 24, 1999. This
void size was evaluated for operability by comparing void location and
size, and piping size and flow characteristics, with those voids previously
discovered at Valves 8807NB. The void was determined not to affect SIP
or CCP operability. Both of these events were discussed with the NRC
near the time of discovery.]

On November 12, 1998, results of preliminary analysis performed by a
PG8 E contractor indicated the maximum allowable void size could be
slightly greater than that determined by PG&E. However, the voids
identified to that date also exceeded the allowable determined by this
preliminary analysis.

On November 16, 1998, PG8 E determined that the voids identified in
1994 and on March 27, 1998, could have impacted the operability of
either both SIPs or both CCPs during the recirculation mode of a LOCA, a
condition outside the design basis of the plant. PG8 E made a 1-hour
non-emergency report in accordance with 10 CFR 50.72(b)(1)(ii)(2).

D. Inoperable Structures, Components, or Systems that Contributed to the
Event

None.
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E. Dates and Approximate Times for Major Occurrences

November 12, 1998: PG&E determined that
previously identified voids
could potentially impact
the operability of the SIPs
or CCPs duririg the post-
LOCA recirculation mode.

2. November 16, 1998, at 1435 PST: PG8 E determined the
condition was outside the
design basis of the plant.

3. November 16, 1998, at 1454 PST: PG8 E made a 1-hour non-
emergency report in
accordance with
10 CFR 50.72(b)(1)(ii)(2).

F. Other Systems or Secondary Functions Affected

None.

G. Method of Discovery

PG8 E discovered the condition during surveillance testing and system
monitoring done in response to INPO SOER 97-1.

H. Operator Actions

The affected piping was vented as completely as possible.

Safety System Responses

None.
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III. Cause of the Problem

A. Immediate Cause

SIP or CCP inoperability, had it occurred, would have originated from
voids (which exceeded the current acceptance criteria) in the ECCS
suction crosstie piping.

B. Root Cause

PG8 E is continuing to investigate the cause(s) of voiding. Based on a
review of system configuration, outage methods to prepare systems for
power operation, and review of the installed acquisition equipment data,
the root cause of the condition appears to be air trapped in the system
because of outage work, followed by less than adequate filland vent
procedures and guidance. During refueling outages, the reactor coolant
system (RCS) and other primary systems, including ECCS, are opened to
the atmosphere for maintenance. Once the system work is complete, the
systems are closed and prepared for operation by performing various fill
and vent steps. PG8 E found that little could be done to prevent the
introduction of air during maintenance. However, PG8E determined that
filland vent methods could be improved.

In addition, the void adjacent to Valves 8807A/B cannot be completely
vented due to the current piping configuration. The voids discussed in this
report were located on the CCP side of Valves 8807A/B, which are used
to crosstie the suctions of the SIPs and CCPs during switchover to post-
LOCA recirculation. The crosstie piping in each unit is a high point and
shaped like an inverted "U" (See Attachment 2, ECCS Piping Layout).
The piping on the CCP side of Valves 8807A/B contains a partially
unventable section of 6 in. horizontal piping because of a reduction of the
6 to 4 in. piping. The current STP M-89 vent is located on the 4 in. piping,
and is therefore inadequate to completely vent the larger piping.

IV. Anal sis of the Event

The primary function of the ECCS following a LOCA is to remove the stored and
fission product decay heat from the reactor core to prevent fuel rod damage to
the extent that such damage may impair effective core cooling. In addition, the
ECCS is designed to maintain peak cladding temperature (PCT) less than
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2200 degrees F, maintain the core covered, and provide makeup water due to
boil off during the accident. The ECCS consists of high head CCPs, medium
head SIPs, and low head RHR pumps.

During the recirculation mode of a LOCA, the RHR pumps provide flow from the
containment recirculation sump through crosstie piping to the suction of the SIPs
and CCPs. During switchover from the injection phase to cold leg recirculation,
the SIPs and CCPs are not stopped. They run continuously, taking a suction
from the RWST initially, and then from the RHR pumps after opening Valves
8804NB and 8807NB where RHR pump discharge pressure back seats the
SIPs and CCPs suction check valves from the RWST.

Voiding in the ECCS pump suction lines would not affect the core flow during the
injection phase but could reduce flow to the RCS during the recirculation phase
in a postulated LOCA because of pump failure due to air binding, cavitation, or
internal damage. Prior to the Fall of 1998, engineering believed that void sizes

. up to 5.0 ft'ere acceptable. However, a formal calculation completed by
PGB E on October 14, 1998, and a preliminarily study confirmed by its contractor
in early December 1998, indicated that voids greater than 0.44 ft'djacent to
Valves 8807NB would exceed the 5 percent void fraction limit imposed by
Westinghouse for the CCPs and SIPs. A void size of 0.44 ft'r less would
assure that the void fraction at the pump suction would be less than 5 percent at
the time of switchover to cold leg recirculation and would subject the pump to the
air/water mixture for no more than 5 seconds, followed by solid water boosted by
RHR'pump discharge pressure.

PG&E has determined that the ECCS safety function would have been
maintained when considering the voiding conditions above, because the criteria
of 10CFR50.46 would have been met as follows:

~ Decay and fission product heat would be removed.
~ The core would remain covered.
~ PCT would increase but remain approximately 600 degrees F less than the

limitof 2200 degrees F.
~ Makeup for boil offwould be maintained.
~ The core would remain in a eoolable geometry.
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These conclusions are based on the following considerations and assumptions.

Considerations

A. Injection Phase

The voiding condition does not affect the ECCS injection function. The
voiding was found 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).

Cold and Hot Leg Recirculation Phases

The RHR pumps autorriatically trip and the operator completes switchover
to cold leg recirculation per Emergency Operating Procedure (EOP) E-1.3,
"Transfer to Cold Leg Recirculation," when RWST inventory drops to the
33 percent level. During the switchover, Valves 8807A/B are opened. As
explained below, 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, operators open Valve 8804B to direct
RHR Pump No. 2 discharge to the suction of the SIPs. The operators
then open crosstie Valves 8807A/B to align RHR Pump No. 2 discharge to .

the suction of the CCPs. Ifgas has accumulated in the cross-tie piping, it
would enter the suctions of both CCPs. If RHR Pump No. 2 was not
available, the operators would align RHRP No. 1 to both CCPs and then
to both SIPs, resulting in gas entering the suctions of both SIPs. PG8 E
assumed the immediate failure of either both CCPs or both SIPs at the
beginning of the cold leg recirculation phase, rather, than analyze or take
credit for a gradual or prolonged failure of the pumps.

Hot leg recirculation is initiated at 10.5 hours into the accident to flush out
areas of high boron concentration in the core caused by boiling. High
boron concentration is a concern for a large break LOCA in the cold leg
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 leg recirculation flow paths available - one from each SIP
through its two.hot legs and one from the RHR pumps through





LICENSEE EVENT REPORT (LER) TEXT CONTINUATION

, FACILITYNAME(I) DOCKET NUMBER (2)

Diablo Canyon Unit 1 0 .5 0 0 0 2 7 5
TEXT

1998

LER NUMBER 6
SEQUENTIAL

NUMBER

0 1 1

REVISION
NUMBER

0

PAGE (3)

10 0" 16

Valve 8703 to two hot legs. Any one of the hot leg flow paths is capable
of providing the minimum 300 gpm required for recirculation. Therefore,
by losing either one of the SIPs or both SIPs, the hot leg recirculation
function can be maintained.

C. Accident Type

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.

During a large break LOCA, the RCS depressurizes rapidly and the RHR
pumps provide the flow to decrease PCT. During a small break LOCA,
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 be
provided only by the CCPs and SIPs.

D. Break Size

Since higher pressure is maintained longer during smaller breaks and
higher pressure results in less ECCS flow to the RCS, smaller break sizes
are more limiting.

Assumptions

A. Conditions Prior to the Event

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

~ A small break LOCA has occurred.
~ PCT has risen to approximately 1000 degrees F and is slowly

decreasing. (See discussion below)
~ RCS pressure has decreased and stabilized at a pressure higher than

the RHR pump cut-in pressure and the accumulator discharge
pressure. This results in no RHR and no accumulator flows to the
RCS.

~ A minimum of one RHR pump, SIP, and CCP are operating.
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~ Containment spray may, or may not, have actuated.
~ Decay heat appropriate for the time of the event.

B. Worst Case Single Failure

The loss of Bus F disables SIP No. 1; CCP No. 1, and Valve 8807A.
When the operator starts RHR Pump No. 2 and opens Valve 8807B, the
gas void is pushed into, and gas binds, the CCPs. As a result, SIP No. 2
is the only remaining ECCS pump capable of injecting into the RCS. Loss
of either Bus G or H would result in at least two operable ECCS pumps.
Therefore, the worst case single failure for this condition is the loss of
Bus F. A solid state protection system train failure could also result in
only SIP No. 2 operating, but other pumps could be quickly started prior to
the switchover. Therefore, this scenario is not considered limiting.

C. Event Initiation

Westinghouse previously performed a series of containment
pressurization calculations based on a spectrum of break sizes (1.5, 2,
2.5 and 3 inches). None of these resulted in containment spray 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 to force an earlier cold leg switchover (therefore,
higher core decay heat removal is required), yet minimizes ECCS
injection flow by holding/maintaining the RCS at a higher pressure.

The 3 in. break without a containment spray actuation results in a longer
time to switchover. 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 longer (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 actuated 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
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minutes after initiation. With only one SIP available for recirculation, PCT
would increase from 1000 degrees F and peak at 1616 degrees F at
approximately 45 minutes into the accident. However, even without
operator intervention and with only one SIP operating, PCT drops to
below 800 degrees F at 2.7 hours (end of the calculation).

Ifworst case conditions are assumed (loss of three of the four SIPs and
CCPs), all of the ECCS safety functions are maintained. PCT would
increase but would remain approximately 600 degrees F less than the
maximum allowable limit of 2200 degrees F.

Therefore, this condition is not considered risk significant and did not
adversely affect the public health and safety.

V. Corrective Actions

A. Immediate Corrective Actions

PG8 E is currently performing UT of the subject piping on a weekly basis
and venting as necessary. Testing and venting at this frequency will
continue until PG8 E determines they are no longer needed.

The final graph of VCT pressure versus permissible gas void size-
developed by the contractor was reviewed by PG&E. Based on the
contractor's submittal, PG&E determined that its own in-house calculation
to develop this graph was conservative and acceptable. Therefore, the
c'ontractor's graph was not used.

PG8 E reviewed the contractor's final analysis and report. PG8 E
determined that its own calculation, along with information from
Westinghouse, were more conservative and consistent with the NSSS
acceptance criteria for void fraction.

B. Corrective Actions to Prevent Recurrence

1. PG8 E continues to use data acquisition equipment to help determine
the source and size of gas voiding. The equipment provides real-time
data; correlates operational activity involving Sl, CVCS, and RHR
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system operation; validates potential root causes; and helps
substantiate the understanding of the mechanisms of void formation.
The equipment will remain in use until an evaluation indicates that it is
no longer needed.

System configurations were reviewed to determine whether
enhancements could be made during the filland vent processes. As a
result, procedures and guidance are being revised to improve line
flushing, and fill/vent techniques.

Operating Procedure (OP) B-3A:I, "Safety Injection System-Make
Pumps Available," will be revised to systematically filland vent Sl
system components and piping, and then flush the system to the
reactor vessel with the RHR pumps.

OP A-2:Vll,"Core Offload Window Systems Restorations," will be
revised to improve the filland flush of CVCS blender piping.

PG8 E is communicating with EPRI, the Westinghouse Owner's Group,
and pump vendors about actions that can be taken to better quantify
ECCS pump void fraction to support pump operability. This activity
may result in changes to the present calculation for allowable void
volume at various points in the suction piping.

Valves are being added to each unit's ECCS suction crosstie piping
near Valves 8807A/B to facilitate venting the currently unventable
section of piping.

PGRE is currently evaluating the suction piping for the RHR, Sl,
CVCS, and containment spray pumps to identify areas that may trap or
contain gas voids which could impact these safety-related pumps.
This evaluation involves review of piping schematics and isometric
drawings, field walkdowns, evaluation of the adequacy of current vents
and the need for additional vents, and identification of monitoring
locations to identify areas where gas voids may form.
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Vl. Additional Information

A. Failed Components

None.

B. Previous Similar Events

None.
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Attachment 1

ECCS-Piping (Partial) Recirculation Lineup
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