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PGRE is submitting the enclosed licensee event report regarding past operation
with procedural guidance that permitted, following a loss of coolant accident and
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On January 31, 1997, at 1130 PST, with Units 1 and 2 in Mode 1 (Power Operation)
at 100 percent power, PG8 E determined that the component cooling water (CCW)
and auxiliary saltwater (ASW) systems have operated with procedural guidance that
permitted, following a loss of coolant accident and the loss of power on either Vital
Bus F or G, operation in a condition outside the design basis of the plant. A 1-hour,
non-emergency report was made to the NRC at 1220 PST, in accordance with
10 CFR 50.72 (b)(1)(ii)(B).

The cause of the event is unknown, but it occurred duririg the original design of the plant.
The cause is attributed to incomplete or incorrect application of the single failure criteria
design requirement to ASW and CCW systems operation during. post-accident split train,
hot leg recirculation.

Emergency Operating Procedure E-1.4, "Transfer To Hot Leg Recirculation," has
been revised to no longer require immediate separation of the ASW and CCW
systems into separate trains after the transfer to hot leg recirculation. The decision
to separate has been transferred to the Technical. Support Center, where a decision
will be made after an evaluation of plant conditions. This action precludes placing
the plant into a configuration where this vulnerability would be created without a
thorough assessment being performed.
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Plant Conditions

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

Descri tion of Problem

A. 'ummary: '

During pl eparation of Standard Technical Specifications (STS), a concern was
identified with long term post-loss of coolant accident (LOCA) operation as
reflected in current plant procedures. Diablo Canyon Power Plant (DCPP)
Emergency Operating Procedure (EOP) E-1.4, "Transfer To Hot Leg
Recirculation," separated the auxiliary saltwater (ASW) (KE) and the

'omponentcooling water (CCW) (Bl) systems into isolated trains approximately
10 1/2 hours after the LOCA. A postulated loss of electrical power, causing a
complete loss of power to Vital Bus F following completion of the post-LOCA
long term system separation, results in the loss of CCW flow in one loop and
the loss of cooling flow to the other loop. This results in a loss of heat removal

.from the containment and heatup of one train of the CCW system until operator
action is taken to restore one complete train of cooling. A postulated loss of
electrical power, causing a complete loss of power to Vital Bus G following
completion of the post-LOCA long term system separation, causes the loss of
cooling flow to one CCW loop. As a result, the residual heat removal (RHR)
heat exchanger (HX) (BP)(CLR) on that loop is not cooled. The RHR pump
(BP)(P) on the other loop is also unavailable as it is powered by Vital Bus G,
resulting in a loss of the RHR system function.

PGRE has performed preliminary calculations of the CCW heat loads at 10 1/2
hours following the LOCA and determined that one train of the CCW system
could have exceeded the design limits in approximately four minutes. In the
past, no procedural guidance existed to assure prompt. operator action to
restore CCW and containment cooling. Therefore, on January 31, 1997, at
1220 PST, PGRE made a 1-hour non-emergency report to the NRC in
accordance with 10 CFR 50.72 (b)(1)(ii)(B).

Background:

The DCPP CCW system consists of three CCW pumps (Bl)(P), two CCW HXs
(Bl)(CLR), two vital cooling loops (A and 8) and a nonvital cooling loop (C).
The CCW system is designed to provide normal plant operation and post-
accident cooling to the vital components on Loops A and 8, which include the

19700100.DDM
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containment fan cooler units (CFCUs) (BK)(CLR), RHR HXs, coolers
(SJ)(CLR) for the centrifugal charging pumps (CCPs) (SJ)(P), safety injection
(Sl) pumps (BQ)(P), CCW pumps (Bl)(P), RHR pumps (BP)(P), and.post-
accident sampling system coolers'(IP)(CLR). Additionally, the CCW system
removes heat from nonvital components on Loop C. Under accident
conditions, the cooling water flow to the nonvital loads is automatically
isolated. During the early phase of the post-LOCA response, the two vital

'oops remain cross-connected. The Final Safety Analysis Report (FSAR)
Up'date and Supplemental Safety Evaluation Report Number 16 describe the
design basis CCW temperature upper limit as 132'F, remaining above 120'F
for no more than 20 minutes, to assure availability of vital equipment.

r

The waste heat from the vital and nonvital components is rejected to the
ultimate heat sink via the ASW system. The ASW system consists'f two ASW
pumps which supplies the CCW heat exchangers. During normal operation
and during the initial post-LOCA response, the two ASW supply headers are
cross-connected so that a single pump can provide flo to both CCW heat
exchangers. Two motor-operated flow control valves (FCV) (FCV-495 and
496) are provided on the header crosstie between the

pumps.'o

provide protection against a postulated passive failure occurring 24 hours
following an accident, EOP E-1.4 required that if the necessary components
are available, the ASW and CCW systems be separated into isolated trains
approximately 10 1/2 hours after a LOCA.

The DCPP FSAR Update describes a passive failure as a structural failure of a
static component that limits the component's effectiveness in carrying out its
design function. When applied to a fluid system, this means a break in the
pressure boundary resulting in abnormal leakage not exceeding 50 gpm for 30
minutes.

Each unit at DCPP is provided with three emergency diesel generators (EDGs)
to provide electrical power to engineered safety features (ESF) components in
the event of a loss of offsite power (LOOP). Each of the EDGs supplies one of
three separate vital electrical buses (F, G, and H).

C. Event Description:

During the preparation of DCPP's STS, a concern was identified with long term
post-LOCA operation as reflected in current plant procedures. Upon
completion of EOP E-1.4, the EOPs have been completed. The plant systems
are configured for stable, long term heat removal, including establishment of

19700100.DDM
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hot leg recirculation). As part'of this procedure, at approximately.10 1/2 houis
following a postulated LOCA, the ASW and'CCW systems would have been
separated into two systems'. Each system consists of one ASW pump

-"-1 supplying a CCW HX, which cools a single vital CCW loop, which is being
circulated by one or two CCW pumps. Additionally, the nonvital C loop may be
aligned to one of the two separate systems. The arrangement of components
on each of the systems is summarized below:

'~Loo 'A Bus '. ~Loo B Bus

ASW Pump 1

CCW Pump 2
CCW Pump 3

CCP 1

RHR Pump 1 /
RHR HX1
Sl Pump 2

CFCU 3
CFCU 4

F ~ ASW Pump 2
G, CCW Pump 1

H
F CCP 2,
G RHR Pump 2/

RHR HX.2,
H Sl Pump 1

G CFCU 1

H CFCU 2
CFCU 5

G
F.

G
H

F
F

G

ln this configuration, a postulated loss of electrical power to of Vital Bus F or G
results in the following:

Loss Of Electrical Power To Vital Bus F

Following separation of the systems, a loss of electrical power to Bus F results
in the loss of ASW Pump 1 which cools CCW Loop A, and the loss of CCW
Pump 1 which circulates CCW on Loop B. As a result, Loop A begins to heat
up and rapidly exceeds its design basis temperature limit, resulting in degraded
cooling of the components served by this loop. Due to the loss of circulation in
Loop B, no cooling is provided to components served by this loop.

As a result of the increasing temperature on Loop A, RHR HX 1 is not capable
of cooling the sump fluid which is being pumped back to the core by RHR
Pump 1, and CFCUs 3 and 4 are unable to cool the containment atmosphere.
Due to the loss of circulation on Loop B, RHR Pump 2 is also unable to cool the
sump fluid pumped back into the core, and CFCU 5 is unable to cool the
containment atmosphere. Due to the loss of circulation, and the fact that they
are not operating as a result of the loss of Vital Bus F, CFCUs 1 and 2 are
unable to cool the containment atmosphere.

19700100.0DM
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As a result of a loss ofelectrical power to Vital.Bus F., prior to any operator
'ctions;the containment atmosphere is not being cooled, and core cooling is

provided by recirculating hot sump fluid. Additionally, the loss of cooling could
. result in a failure of'the components on the CCW system.

Loss Of Electrical Power To Vital Bus G
H

'ollowing separation of the systems, a loss of electrical power to Vital Bus G
results in the'loss'SW Pump 2 which cools CCW Loop B, and the loss of
CCW Pump 2 which circulates CCW on Loop A. As a result, Loop B begins to
heat up and rapidly exceeds its design basis temperature limit, resulting in
degraded cooling of the components 'served by this loop. Loop A continues to
operate normally with CCW Pump 3 circulating CCW.

As a result of the increasing temperature on Loop B, RHR HX 2 is not capable
of cooling the sump fluid which is being pumped back to the core by RHR
Pump 2, and CFCUs 1 and 2 are unable to cool the containment atmosphere.
Due to the loss of Vital Bus G, CFCU 5 is unable to cool the containment
atmosphere. Due to the loss of Vital Bus G, RHR Pump 1 on Loop A is
deenergized and unable to pump sump fluid back into the core. Similarly.,
CFCU 3 is deenergized, leaving only CFCU 4 to cool the containment
atmosphere.

Accordingly, as a result of a loss of electrical power to Bus G, prior to any
operator actions, the containment atmosphere is being cooled by a single
CFCU, and core cooling is provided by one RHR pump recirculating hot sump
fluid. Additionally, the loss of cooling could result in a failure of the
components on CCW Loop B.

Degraded cooling conditions as a result of a loss of electrical power to Vital
Bus F or G would continue until operator action was taken to restore cooling to
one or both loops of the CCW system.

PG&E has performed preliminary calculations of the CCW heat loads at 10 1/2
hours following the LOCA, and determined that the CCW system could have

'exceededthe design limits in approximately four minutes. In the past, no
procedural guidance existed to assure prompt operator action. Therefore,
PG&E determined this issue was reportable under 10 CFR 50.72 (b)(1)(ii)(B).

I

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

None.

19700100.DDM
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E. -"Dates and Approximate Times for'Major Occurrences:

January 31, 1997, at 1130 PST: 'vent date/discovery date. PGRE
'. identified potential train separation

concern as a condition outside design
C basis of the plant.

'anuary 31;1997, at 1220 PST: A 1-hour non-emergency report made
in accordance with 10 CFR 50.72
(b)(1)(ii)(B).

F. Other Systems or Secondary Functions Affected:

None.

G. Method of Discovery:

During preparation of STS, a concern was identified with long term post-
LOCA operation as reflected in current plant procedures.

H. Operator Actions:

None required.

I. Safety System Responses:

None required.

III. Cause of the Problem

A. 'mmediate Cause:

Prior to its revision, EOP E-1.4 allowed entry into a condition that did not meet
the single failure criteria. Thus, in the past no procedural guidance existed to
assure prompt operator action to restore CCW and containment cooling.

B. Root Cause:

While the cause of the event is unknown, it is attributed to incomplete oi
incorrect application of the single failure criteria design requirement to the
ASW and CCW systems operation during split train, hot leg recirculation.

19700100.DDM
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C. Contributory Cause~-

1. A Westinghouse CCW System Design Criteria and Functional
RequirementS letter dated March 10, 1969, which provides the basis for
the CCW system, states that each recirculation flow path must have its
own power supply such that any power failure only affects one path. It-is
presumed that responsible PGRE design personnel misunderstood

.:. -.these power supply design assumptions, and therefore did not properly
implement them.

'.

A PGRE ASW'design review of Preliminary. Safety Analysis Report
~ Commitments document dated August 5, 1970, concludes that a single

active or passive failure can be accepted during long term recirculation
for the separated ASW trains. The August 5, 1970, document also
concludes that it is unacceptable during recirculation to have a failure
affect one vital CCW loop and another failure. affect the other ASW loop.
However, the document is silent regarding the fact that a loss of
electrical power to a vital bus could cause this failure.

An August 25, 1970, ASW design review summary concludes that.due to
the interrelationship of the CCW and ASW systems when valved into
separate trains during recirculation, it is important to consider the effects
on both systems when considering a failure. Based on this conclusion,
the summary recommends that plant operating specifications provide
detailed operating restrictions that take into account the interrelationship
of the CCW and ASW systems. The reason for the apparent failure to
implement the recommendation is unknown.

A February 1982 ASW system file review by PGRE recognized the
interrelationship of the ASW and CCW systems and the importance of
considering the effects on both systems when evaluating a system
failure or maintenance work on either system. The response to this file
review was the need to ensure that plant operating procedures state the
operation restrictions for the ASW system for abnormal CCW system
conditions. Plant operating procedures are silent regarding the system
file review recommendation to provide operational restrictions.

A Westinghouse letter dated October 6, 1969, identified the need for a
single failure criteria review of the loading on the vital 4 kV buses. A
PGB E Electrical Design EDG Single Failure Criteria memo dated June
4, 1982, which responded to the question, concludes that the vital buses
meet the single failure criteria. Although the question was posed from a

I

19700100.0DM
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IV.

mechanical, supplied load perspective, the electrical engineering
response was from an electrical supply perspective.

E
P

Anal sis of the Event

The event reported here is required to be postulated by. PG8 E's design basis.
Nevertheless, it should be noted that the likelihood of this event occurring is
extremely remote'. This is supportqd by the fact that the successful operation of the
EDGs fo'r the first 10 1/2 hours after the LOCA has demonstrated their viability, as
well as. the viability of the associated bus. Further, the stability of the PG8 E grid
reduces the possibility of an extended LOOP, which further reduces the likelihood of
this event occurring. The analysis which follows addresses the impact of a such a
failure, although highly unlikely.

The impact of a loss of electrical power to Bus F or G after the ASW and CCW
systems have been separated is a function of when the failure occurs, the operator
action taken in response to the failure, and durability of the ESF components cooled
by the CCW system. These factors, and their effect on the analysis of the event, are
discussed below.

The most limiting time for a loss of electrical power to a vital bus to occur is
immediately following the separation of the ASW and CCW systems, approximately
10 1/2 hours after the LOCA. Preliminary calculations indicate that the containment
sump and steam temperatures at that time are approximately 160'F. Additionally,
attempts to cool the spent fuel pool using the C Header would impose a further heat
load on Loop A. Preliminary estimates indicate that the CCW loop which has no
cooling will not exceed 160'F within 30 minutes. If the loss of electrical power to the
vital bus was delayed beyond 10 1/2 hours, the containment and spent fuel pool heat
loads would be reduced and would be less limiting. Also, the containment and sump
temperatures for the postulated scenario are based on a large break LOCA. Smaller
assumed breaks are judged to result in lower containment and sump temperatures
and would not be limiting.

Depending on the exact cause of the postulated loss of electrical power to a vital
bus, the operators would have had several options for restoring at least one of the
ASW and CCW systems to operation. These options include: (1) crosstying the
ASW pump trains, (2) crosstying the CCW loops or realigning CCW pumps, and (3)
restoring power to the bus by crosstying to an. operating bus or restarting the EDG.
Prior to this event, no specific guidance was provided to alert the operators to the
possible impact of a loss of electrical power to a vital bus after the ASW and CCW
trains were separated. Accordingly, the time it would take to perform these operator
actions must be estimated. At 10 1/2 hours after the LOCA the Technical Support

19700100.DDM
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Center (TSC) is staffed and.'additional operations personnel have responded to the
site. While it is judged, that under the best case scenario, operator action would
take place within six minutes, a total time of 30 minutes has been used as an
extremely conservative e'stimate of the time required to restore cooling to at least
one system. The short time frame credits remote manual operation of valves that
are not fully Design Class 1 from the Control Room. The longer time frame is based
upon local manual operation of valves; Additionally, it is also judged, that in
response. to Class 1 and Class 2 high temperature alarms, the operators would
respond'appropriately by reducing the heat load on the CCW system and by
securing components with inadequate cooling.

Based on available design information and input from the manufacturers, it has been
concluded that the CCW pumps, RHR pumps, and CFCUs would not be damaged by
operation for up to 30 minutes without CCW cooling or with CCW supply
temperatures as high as 160'F. Accordingly, they would continue to perform their
design basis function after cooling is restored.

PG8 E evaluated the impact of operation for 30 minutes without effective CCW
system operation on core and containment cooling. This evaluation bounded the
impact of a loss of electrical power to Vital Bus F or G. It assumed that uncooled
sump fluid would be recirculated to cool the core for 30 minutes. Additionally, it was
assumed that the CFCUs provided no cooling of the containment atmosphere during
this period. Based on a preliminary calculation using the GOTHIC computer code,
PG8E has judged, that due to the decreased decay heat load and the relatively cool
initial core and containment conditions, the loss of effective CCW cooling would not
result in unacceptable core or containment conditions prior to reestablishing
effective cooling.

After 30 minutes, it is presumed that the operators would have completed the actions
necessary to crosstie the ASW system. This results in the flow of a single ASW
pump being split between two HXs. PG8E has performed preliminary calculations of
the CCW heat loads at 10 1/2 hours following the LOCA and judges that there would
be sufficient cooling available to maintain the CCW temperature of an operating loop
within its current design basis temperature limit. If the CCW system were also
crosstied, or otherwise aligned to provide CCW flow on both loops, then adequate

'oolingof both systems would be available.

As noted above, the CCW, RHR, and CFCU systems would be available to perform
their design basis function, crosstying,the ASW system following a loss of electrical
power to Vital Bus F would ensure that one RHR pump and two CFCUs are available
to cool the core and containment. Crosstying the CCW system as well ensures that
two RHR pumps and three CFCUs are available. As a result of the degraded CCW

19700100.DDM
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cooling for 30 minutes, Sf Pump 2 and CCP 2 would be exposed to cooling water
temperatures in excess of their design allowables. Although it is judged that the
operators would likely take action to protect. them, it is possible that they could fail as
a result of this transient. '.Sl Pump.1 and CCP 1 would not have been operating
during the transient as they would have been deenergized as a result of the
postulated bus failure, and accordingly would not have been damaged. If the buses
were electrically crosstied, then these components would also be available to
support core cooling. In any case,. the Sl pumps and CCPs are not needed during
the recirculation phase following a large break LOCA as an RHR pump provides
sufficient flow'to keep the core 'cooled. It is also judged, that in the event that a
small break LOCA resulted in alignment into hot leg recirculation, that the reactor
coolant system will have been depressurized to the point where the Sl pumps and
CCPs are not required. Further, it is judged that the containment conditions would
not be harsh enough to cause CCW overheating in the event of a loss of electrical
power to a vital bus. P

Similarly, crosstying the ASW system following a loss of ele'ctrical power to Vital Bus
G would ensure that RHR Pump 2, Sl Pump 2, CCP 1, and three CFCUs are
available to cool the core and containment. As a result of the degraded CCW
cooling for 30 minutes, Sl Pump 1 would have been exposed to cooling water .

temperatures in excess of its design allowables. Although it is judged that the
operators would likely take action to protect the 'pump, it is possible that it could fail
as a result of this transient. CCP 2 would not have been operating during the
transient as it would have been deenergized as a result of the postulated bus failure,
and accordingly would not have been damaged.

In summary, PGKE has evaluated the effect of a worst case scenario resulting in the
loss of Bus F or G following realignment into split train operation of the ASW and
CCW systems. The analysis assumed a conservative time for operator action to
restore normal cooling. Based on the available components, PG8 E has judged that
the core and containment conditions would remain acceptable until normal cooling is
reestablished. Finally, following operator action to crosstie the ASW system, PGB E
has demonstrated that at least one train of ASW, CCW, RHR, and two CFCUs would
be available. Therefore, sufficient core and containment cooling is available to
support long term cooldown of DCPP. Thus, the public health and safety were not
effected by this event.

Corrective Actions

A. Immediate Corrective Actions:.
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'EOP E-1.4 has beeri revised to no longer require immediate train
separation after the transfer to hot leg recirculation. The decision to
separate has been transferred to the TSC, where it will be decided after
an evaluation of pla'nt conditions. This action precludes placing the plant
into a configuration where this vulnerability would be created without an
assessment first being performed.

'lant Engineering Procedure PEP EN-1,,"Plant Accident Mitigation Diagnostic
~ Aids And Guidelines," was revised to add guidance in advising the TSC

concerning separation of ASW/CCW trains.

Corrective Actions to Prevent Recurrence:

Since current design processes and criteria preclude recurrence of similar
events, PGBE determined that no corrective actions to address the design
process are necessary.

A review of other selected safety-related systems will be performed
to ensure that no additional similar concerns exist.

2. Crosstie valves (FCV-495 and 496), currently rated as Class 2, are being
upgraded to Class 1D to allow credit for their operation following a LOCA.

VI. Additional Information

A. Failed Components:

None.

Previous LERs on Similar Problems:

LER 1-93-001-02, "Component Cooling Water System Potentially Outside
Design Basis Due to Nonconservatisms in the Design-Basis Analysis,"
reported; that under a combination of worst-case conditions and
parameters, the CCW system water temperature design basis

'emperature limits may be exceeded.

As a corrective action, Surveillance Test Procedure (STP) V-13A, "CCW Flow
Balancing," was revised to implement the CCW flow balancing calculations.
Also, STP M-51, "Routine Surveillance Test of Containment Fan Cooler Units,"
was revised to assure the flow balance requirements are verified during routine
testing to demonstrate compliance with the Technical Specifications.
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- - Since the condition reported in the current LER originated prior to the effective
date of the above revisions,'nd neither of the above procedures involve
post-LOCA train separation, the corrective actions for LER 1-93-001 could not
have prevented the current event.
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