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Pacific Gas and Electric Company

July 31, 1996

PGRE Letter DCL-96-159

24" Vari'et SM:t. Rxn', B t',-'.9B

San Francisco, CA Nl05
<lclflio ~. nlilr<;."

Matt Coce H9B
P.O„Box 770000
San F:anosco CA 94'7
~<5 973.K)GQ Fax:l".. 3.c.""o

'l,c!ear; ecnr <i1 Sennces

U.S. Nuclear Regulatory'Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Docket No. 50-275, OL-DPR-80
Docket No. 50-323, OL-DPR-82
Diablo Canyon Units 1 and 2
Licensee Event Re ort 1-96-005-01
Potential For Flashin in Containment Fan Cooler Units

'I

Dear Commissioners and Staff

Pursuant to 10 CFR 50.73(a)(2)(ii)(B), PG8 E is submitting the enclosed revision
to Licensee Event Report (LER) 1-96-005-00 concerning the potential for
flashing in containment fan cooler units. This revision changes the reporting
criterion from voluntary to outside design basis, reports the results of PG8E's
cause analysis, and reports the results of PGRE's past operability evaluation for
this condition. Because of the extent of the material incorporated into this
revised LER, no revision bars are used to indicate changes.

This condition did not affect the health and safety of the public.

Sincerely,

cc: Steven D. Bloom
L. J. Callan
Kenneth E. Perkins

. Michael D. Tschiltz
Diablo Distribution
INPO

Enclosure
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On February 13, 1996, with Units 1 and 2 in Mode 1 (Power Operation) at 100 percent
power, PG8E determined that the containment fan cooler units (CFCUs) in both units
were potentially susceptible to component cooling water (CCW) flashing in the CFCU
cooling coils during a design basis loss-of-coolant accident with a concurrent loss of
offsite power or with a double sequencing of safety-related equipment. PG8E
performed an operability evaluation that shows the CFCUs and the CCW system are
operable when the 230 kV system is not degraded. However, PG8 E has conservatively
declared that these systems were inoperable in the past during periods when the
230 kV system was degraded. - PG8 E previously made a 1-hour non-emergency report
on 230 kV system degradation at 1225 PDT, on August 8, 1995, and issued
LER 1-95-007-00 on September 7, 1995.

PG8 E attributes the cause of this self-identified CFCU flashing scenario to knowledge
exceeded on the part of its design personnel and its CFCU supplier. PG&E has
identified no corrective actions to prevent recurrence for this generic industry issue.

PG&E initiated a nonconformance report to document its investigations and contacted
the CFCU vendor to evaluate the generic aspects of this issue. PG8E installed a
nitrogen pressurization system on the CCW system for Units 1 and 2. Even though
PG&E determined the as-found condition of the CFCUs and CCW system to be
operable when the 230 kV system is not degraded, this corrective action restores the
CCW system to its original design and licensing basis.
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Plant Conditions

Units 1 and 2 have been in various modes and at various power levels with the
conditions described below.

Descri tion of Problem

A. Summary:

B.

On February 13, 1996, with Units 1 and 2 in Mode 1 (Power Operation) at
100 percent power, PG8 E determined that the containment fan cooler units
(CFCUs) (BK) (FCU) in both units were potentially susceptible to
component cooling water (CCW) flashing in the CFCU cooling coils (BK)
(CCL) during a design basis loss-of-coolant accident (LOCA) with a
concurrent loss of offsite power (LOOP) or with a double sequencing of
safety-related equipment. PG8 E performed an operability evaluation that
shows the CFCUs and the CCW system are operable when the 230 kV
system is not degraded. However, PG8E has conservatively declared that
these systems were inoperable in the past during periods when the 230 kV
system was degraded. PG8 E previously made a 1-hour non-emergency
report on 230 kV system degradation at 1225 PDT, on August 8, 1995, and
issued LER 1-95-007-00, "230 kV System May Not Be Able To Meet Its
Design Requirements For All Conditions Due To Personnel Error," on
September 7, 1995.

Background:

The CFCUs (five'or each unit) are designed to remove heat from the
containment atmosphere during normal operation and to help maintain
containment integrity during a design basis LOCA or main steam line
break (MSLB). Cooling water to the CFCUs is provided by the CCW system
(three CCW pumps for each unit).

A design basis LOCA with a concurrent LOOP will result in tripping engineered
safety feature (ESF) loads, including the CFCUs and CCW pumps, to allow the
emergency diesel generators (EDGs) to start and reach rated speed and
voltage. ESF loads are then sequentially restarted on the EDGs. The first
CFCUs restart 22 seconds after the accident and the CCW pumps start from
26 to 30 seconds after the accident. Prior to restarting the CCW pumps, the
inventory in the CFCUs will begin to heat up as the containment temperature
rises. The concern is, at the predicted heat transfer rate for the design basis
accident, there is sufficient heat input to cause boiling in the CFCUs. This
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could result in the formation of a void that could result in water hammer when
the CCW pumps are restarted.

PG8E's design basis for CFCUs is contained in final safety analysis report
(FSAR) Update Section 9.2.2.2.7, approved by Supplemental Safety Evaluation
Report No. 16, dated August 1983, based on a PG8E letter dated April 4,
1983. FSAR Update Section 9.2.2,2.7 states that localized boiling will not
occur in the CFCUs during the limiting design basis accident. The flashing
referred to in this report is more correctly characterized as boiling as the vapor
formation is due to heating of the fluid rather than a reduction of fluid pressure.

C. Event Description:

On August 8, 1995, PG8 E determined that the 230 kV system may not be able
to meet its design requirements for all system loading conditions. At 1225
PDT, a 1-hour non-emergency report was made to the NRC in accordance with
10 CFR 50.72(b)(1)(ii)(B) to report the potential for double sequencing and the
potential results of the double sequencing. LER 1-95-007-00 was submitted
September 7, 1995, to report that further evaluations were being performed and
that a revision to the LER would be submitted upon completion of the
evaluation.

On February 13, 1996, as part of an investigation into increasing the CCW
maximum allowable design basis supply temperature, PG8 E engineering
personnel identified a potential for CCW flashing in the CFCUs following a
LOCA with coincident LOOP or following a double sequencing of safety related
equipment. This was an additional consequence of potential double
sequencing during a degraded 230 kV condition that was not considered in the
previous report on the degraded 230 kV system.

After making the February 13, 1996, discovery, PG8 E identified several
evaluation paths to assess the potential for flashing and, if flashing did occur,
to evaluate the impact on CCW and CFCU operability. These evaluations
proved to be very complex. As a result, PG8 E contacted Westinghouse and
Bechtel as independent consultants for assistance. PG8 E also requested that
Westinghouse evaluate the generic aspects of this issue. Westinghouse .

subsequently issued Nuclear Safety Advisory Letter 96-003, dated June 24,
1996, on this issue. PG8E also initiated a nonconformance report to track and
document its investigations.

On April 15, 1996, after evaluating several analysis approaches using a full
design basis LOCA, PG8 E used guidance from NUREG-0800, "Standard
Review Plan," Section 6.2.1.3„"Mass and Energy Release Analysis for
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Postulated Loss-of-Coolant Accidents," to modify the postulated break size and
'educethe rate of energy release inside containment. PGB E reviewed the

actual reactor coolant system (RCS) configuration and locations of installed
pipe restraints, to determine the maximum expected RCS break size. PG&E
determined that the limiting break would not exceed an equivalent single ended
break of 144 square inches in the RCS loop piping. Westinghouse analysis
confirmed that a break of this size would not result in flashing in the CFCUs
following a LOCA with concurrent LOOP prior to reestablishing flow in the
CCW system. Additionally, the analysis confirmed that longitudinal breaks
were not required to be analyzed based on calculated stress levels. PGB E
documented its operability evaluation on these bases.

On April 26, 1996, PGB E reported the potential for CFCU flashing and the
results of its operability evaluation in LER 1-96-005-00 (voluntary), and stated
it would report the results of its review of past operability in a revision to the
LER.

PG&E has performed evaluations to demonstrate the past operability of the
CFCUs and the CCW system with regard to CFCU flashing when the 230 kV
system was not degraded. PGB E has not been able to demonstrate with
absolute certainty, using conservative criteria, that the CCW and CFCU
systems were operable in the past when the 230 kV system was degraded.
Although a reasonable expectation exists that further resource intensive efforts
could reach a conclusion to the contrary, PGB E has chosen to conservatively
declare that these systems were inoperable in the past during periods when the
230 kV system was degraded.

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

None.

E. Dates and Approximate Times for Major Occurrences:

August 8, 1995, 1225 PDT: PGB E made a 1-hour non-emergency
report on 230 kV system degradation
in accordance with 10 CFR 50.72
section (b)(1)(ii)(B).

February 13, 1996: Discovery date: PGB E concluded
there was a potential for CFCU
flashing following a design basis
LOCA with a concurrent LOOP.

19600501.DO C
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April 26, 1996: PG&E submitted voluntary
LER 1-96-005-00 on the potential for
CFCU flashing.

F. Other Systems or Secondary Functions Affected:

None.

G. Method of Discovery:

This condition was discovered during an investigation into CCW design issues
by PG&E engineering personnel.

H. Operator Actions:

None required.

I. Safety System Responses:

None required.
n

III. Cause of the Problem

PG8 E attributes the cause of the CFCU flashing scenario to knowledge exceeded on
the part of PG8E design personnel and by Westinghouse, the CFCU supplier.

IV. Anal sis of the Event

The CFCUs are automatically initiated ESFs which help maintain containment
integrity by reducing post-accident containment pressure by the condensation of
steam and the removal of heat iri conjunction with the containment spray system.

If a design basis LOCA occurs concurrently with a LOOP, the following sequence
occurs. A 2 second delay is assumed in processing the safety injection signal.
Then the vital busses are stripped in preparation for loading the EDGs. When
power is lost, the CFCUs continue coasting down, maintaining a flow of air and
steam over the CFCU cooling coils. Ten seconds later the EDGs reach rated speed
and voltage. The first CFCUs will restart on slow speed 22 seconds after the
accident. The CCW pumps then restart at approximately 26 seconds after the
accident for CCW Pump 3, and 30 seconds after the accident for CCW Pumps 1

and 2. During the period of no CCW flow (but with the CFCUs coasting down),
flashing of the cooling water may occur. When the CCW pumps are subsequently
restarted, water hammer may occur. Damage due to water hammer could result in
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significant loss of CCW inventory, jeopardize cooling to other ESF components, and
result in release of radioactivity. If the containment temperature rise is delayed, or
is sufficiently small to not cause flashing prior to CCW flow being restored, no steam
voids will have occurred and the CFCUs will not be subjected to water hammer:

The operability evaluations PG8 E has performed with the assistance of its
independent consultants, Westinghouse and Bechtel, conclude that the postulated
occurrence of a LOCA concurrent with a LOOP will not result in CCW flashing in the
CFCUs. This conclusion credits a limited break size LOCA based on the restrictions
to RCS pipe motion as a result of installed piping restraints. The limited break size
results in a delayed temperature rise in the containment and no flashing in the
CFCUs prior to reestablishing flow in the CCW system. Therefore, the CFCUs will
carry out their intended safety function and the CCW system will remain operable
when the 230 kV system is not degraded.

Past 0 erabilit

In addition to the LOCA with concurrent LOOP analyzed above, it is possible, that in
the past, a LOCA could have occurred with double sequencing of the ESF loads due
to a degraded 230 kV system. The degraded 230 kV system was previously
reported in LER 1-95-007-00. The impact of the double sequencing of the ESF
components is that the CFCUs will have operated for approximately 50 seconds
prior to losing power when second level under voltage relays cause the vital busses
to transfer to the EDGs. This results in the CFCU inventory being at an elevated
temperature when power to the CCW pumps and CFCUs is lost. Because the
CFCUs continue to coast and the initial inventory is at a higher temperature, the
potential for flashing prior to the startup of the CCW pumps is increased.

PG8 E has evaluated the potential for flashing in the CFCUs, and the impact of the
potential water hammers which could result from a double sequencing scenario.
Based on the following, PG8 E has judged that this condition would not have
resulted in a failure of the CFCUs and the CCW system. The factors entering into
this judgment are described in the following paragraphs.

Potential flashing at the CFCUs due to double sequencing requires a significant
'nergyrelease to containment coincident with a degraded offsite power supply. A

review of the past configuration of the offsite power supplies has identified that it
was degraded for an average of about 130 hours per year since 1990 (the first year
for which accurate records exist). The probability of the conditions required for
flashing (assumed, for probability calculations, to be a large or medium LOCA
(greater than 2 inch) occurring simultaneously with a.degraded 230 kV system has
been estimated to be 1E-05 per year. Accordingly, the probability of the events
leading to flashing at the CFCUs is relatively low.

19600501. Doc





LICENSEE EVENT REPORT (LER) TEXT CONTINUATION

FACIUIY)IA)AE0)
8EQENNIIAL

)RAAEER
REIR81ON
)ERIEER

Diablo Can on Unit 1
1EXf (I))

0 5 0 0 0 2 7 5 96 - 0 0 5 - 0 1 7 "
11

In addition to the low probability of the event, significant studies have been
performed to demonstrate that the design basis LOCA failure mechanism and
associated energy release is extremely conservative. Studies performed on the
Diablo Canyon Power Plant RCS loop piping (Reference: Westinghouse Report
WCAP 13039) have demonstrated that, rather than a guillotine failure, the more
likely failure mode is a crack which develops and propagates slowly. Although
these studies do not form the basis for the design of accident mitigation systems,
they do provide a more realistic expectation of the consequences of a failure in the
RCS. Because of the instrumentation which monitors the containment conditions,
the associated leak can be detected and the plant shut down, preventing the large
energy releases associated with the design basis LOCAs.

The fracture mechanics evaluations performed by Westinghouse were limited to the
RCS loop piping. Although no evaluations were performed on the branch piping
connecting to the RCS loop piping, many of the factors entering into the evaluation,
such as material of construction, material fracture toughness, leak detection
capability, lack of susceptibility to erosion-corrosion, and reactor coolant chemistry
control are similar for the larger connecting piping as well. It is reasonable,
therefore, to expect that analyses of these lines would show that potential breaches
of the connecting piping are likely to be detected and mitigated without large energy
releases to containment. In addition, the smaller line sizes of the connecting piping
would act as an orifice to reduce the break flow associated with a double guillotine
break of these lines.

For the reasons given above, there is not likely to be a large release of energy into
containment. Therefore, it is judged that there will be insufficient energy available
due to a LOCA to cause boiling of the CCW in the CFCU coils. As a result of
postulating the reduced LOCA energy release, the most limiting accident relative to
boiling the CCW in the CFCUs is the MSLB. The MSLB has been analyzed and
been shown to not result in boiling in the CFCUs in the event of a double
sequencing.

Although it is judged that the energy release from the most credible accident
scenarios would not have resulted in boiling in the CFCU coils, several detailed
analyses'have been performed to assess the impact of boiling and the resulting void
collapse on the integrity of the CCW and CFCU systems. These studies, which
required detailed modeling of the CFCUs and the CCW system, demonstrated the
sensitivity of the analyses to the initial boundary conditions. Impact forces,
generated when the void collapses, are a function of many factors including the
initial amount of voiding, the speed at which the CCW pumps refill the void, the
exact location of the void collapse, and the vapor pressure in the void (which is a

19600501. DOC
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function of the fluid mixing and the resultant temperature of the fluid at the
interface).

The worst location for the void collapse is in the 3 inch diameter headers. Because
of the large uncertainties associated with the heat transfer correlations and the
potential range of energy releases, it is impossible to determine with certainty the
amount of voiding which could occur. This in turn affects the location and speed at
which the void is refilled. Sensitivity studies have indicated that void collapse at
locations other than the 3 inch headers would result in significantly smaller forces on
the CFCU and piping system. This reduces the likelihood of a high energy impact
occurring in the event that a void does form.

The water hammer analyses were performed using a computer model which does
not include thermodynamic modeling. Sensitivity analyses demonstrated that the
vapor pressure at the point of impact does affect the forces generated. The higher
the temperature of the fluid interface, the lower the impact forces will be. Using
worst case assumptions, the calculated impact forces are large. Preliminary studies,
however, have indicated that heat up of fluid contained in the inlet and outlet
headers will'occur as a result of displacing hot water from the tubes, and
condensation of the steam which forms in the CFCU tubes. Additionally, flow from
the CCW pumps must pass through the CFCU coils to collapse the void. As the flow
passes through the coil the fluid is heated. The heat up of the water surrounding the
void would increase the vapor pressure. This in turn would significantly lower the
impact forces.

The CCW system and the CFCUs have relatively low design pressure ratings. It is
possible to postulate scenarios with a set of assumed boundary conditions that
could lead to a water hammer that could result in impact forces on the CCW system
capable of breaching the pressure boundary integrity of the CFCUs. However, the
analyses of the CFCUs demonstrated that both the CFCUs and the CCW system
are capable of withstanding forces much greater than the design rating would
indicate without losing their pressure boundary integrity. Based on these studies, it
is judged that the lower impact forces associated with a void collapse with a more
realistic higher vapor pressure, would not breach the safety-related pressure
boundary. Therefore, these lower impact forces would not adversely affect the
ability of the CFCUs and the CCW system to perform their safety related function.

In summary, based on:

~ the low probability of a double sequencing event concurrent with a LOCA,

~ the realistic expected energy release in the event of a LOCA,
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~ the lower magnitude of the impact forces associated with a realistically
modeled void collapse, and

~ the capability of the CCW and CFCU piping systems to withstand loads
significantly greater than design,

it is judged that these systems would have been capable of performing their design
basis function in a double sequencing scenario. This judgment is based on the
analyses performed to date. However, PG8 E has not been able to demonstrate with
absolute certainty, using conservative criteria, that the CCW and CFCU systems
were operable in the past when the 230 kV system was degraded. Although a
reasonable expectation exists that further resource intensive efforts could reach a
conclusion to the contrary, PGRE has chosen to conservatively declare that these
systems were inoperable in the past during periods when the 230 kV system was
degraded.

Additional Anal ses

The analyses performed to date have demonstrated that the water hammer forces
are sensitive to the size and location of the void collapse, the vapor pressure at the
point of the void collapse, and the re-flood rate of the CFCUs. More detailed
analyses could be performed that may demonstrate that the forces arising from such
an event are significantly smaller than have been predicted by the more
conservative analyses, which have been performed to date. These more detailed
analyses include:

1. Determining the Exact Amount and Location of Void Formation

Analyses performed to date have demonstrated that boiling in the CFCUs is
likely to occur in the event of double sequencing with a reduced break size
LOCA (144 square inches). The mechanics of the void formation have not
been thoroughly evaluated, and it has not been demonstrated that the boiling
will lead to the formation of significant voiding in the cooling coils. It is possible
that vapor formed in the tubes will be collapsed by the cooler water in the 3
inch supply and outlet headers. This could potentially lead to re-flood of the
coil tubes which could result in little or no void formation in the CFCUs. By
extremely detailed modeling or physical testing, it may be possible to show that
no significant void formation occurs, or that the location of any limited voiding
which does occur does not include the sensitive 3 inch headers. By better
defining the characteristics of the void,'more accurate assessments of the
potential water hammer forces could be made, resulting in the potential
conclusion that no significant forces are generated..
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PG8 E estimates it would take three months to one year to complete the
analysis.

2. Determining the Vapor Pressure at the Void Collapse Location

The water hammer analyses which have been performed have demonstrated
that higher vapor pressures at the location of the void collapse would result in
reduced water hammer forces. The vapor pressure is a function of the
temperature of the water at the liquid-vapor interface. The analyses performed
to date have used conservatively low vapor pressures at the point of void
collapse. It is likely, however, that detailed analyses which credit condensation
of the vapor which has formed, displacement of heated liquid from the coils by
the void, and the heat up of the re-flood water as it enters the coil tubing would
result in the conclusion that that the water around the void will be hot enough to
support significantly higher vapor pressures. This, in turn, would reduce the
potential water hammer forces which could be generated.

It is estimated that this effort would require two to four months to complete
using assistance from an industry expert.

If PGKE were to proceed with the efforts identified in 1 and 2 above, it would
request assistance from an industry expert in transient modeling of
thermodynamics and fluid analyses to determine whether modeling or physical
testing was appropriate and then have them perform the analysis.

3. Determine the Re-Flood Rate of the CFCUs

The magnitude of the water hammer forces is a function of the re-flood rate of
the CFCUs. The re-flood rate is related to the flow rate of the CCW pumps.
Preliminary analyses have demonstrated that the water displaced by potential
void formation flows into the CCW surge tank. This water must then flow out of
the surge tank to re-flood the CFCUs. Due to the relatively small size of the
surge lines, it is expected that analyses would show that the CCW pumps
would experience a brief period where the net positive suction head would be
inadequate. Although no pump damage is predicted, it is expected that the
pump's capacity would be limited by the cavitation. The decreased pump flow
rate would reduce the re-flood rate and minimize the water hammer forces.
Quantification of the flow reduction and the resultant decrease in water
hammer forces would require extensive modeling and testing to document the
effect of the temporarily reduced pump flow rate.

It is estimated that this effort would require two to four months to complete
depending on the availability of data from the pump manufacturer.
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As shown above, further refinement of these analyses to more precisely
demonstrate that reduced forces would occur would require a significant expenditure
of resources and, it is judged, may still not result in absolute quantification of all
aspects of these analyses. The pressurization system which has been added to the
CCW system is conservatively designed such that this type of detailed analyses is
not required to demonstrate its capability to prevent boiling in the CFCUs.
Accordingly, further expenditures to better model these transient effects are not
judged to be warranted.

The following should be noted relative to documentation of calculations. All
calculations associated with the pressurization system have completed the formal
review and approval process. Many of the calculations and analyses associated
with the operability and safety significance conclusion above, while not expected to
change, have not completed all aspects of the formal approval process and
therefore are not final.

Based on the above analyses, PG8 E considers that this condition did not adversely
affect the health and safety of the public.

Corrective Actions

Corrective Actions to Prevent
Recurrence.'G8

E has identified no corrective actions to prevent recurrence'for this event.
PG8 E considers identification of the CFCU flashing scenario to constitute discovery
of a singular, first-of-a-kind, generic industry issue,

Corrective Action:

PG8 E has installed a nitrogen pressurization system on the CCW system for Units 1

and 2 to ensure that the CCW system remains pressurized in the event of a LOCA
with a concurrent LOOP. Even though PG8 E determined the as-found condition of
the CFCUs and CCW system to be operable when the 230 kV system is not
degraded, this corrective action restores the CCW system to its original design and
licensing basis.

VI. Additional Information

A. Failed Components: None.

B. Previous LERs on Similar Problems: None.
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