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Pennsylvania Power & Light Company
Two North Ninth Street ¢ Allentown, PA 18101 ¢ 215/ 770.5151

«

July 19, 1991

U.S. Nuclear Regulatory Commission
Document Control Desk
Washington, DC 20555

SUSQUEHANNA STEAM ELECTRIC STATION
LICENSEE EVENT REPORT 91-007-00
FILE R41-2

PLAS -~ 491

Docket No. 50-387
License No. NPF-=14

Attached is Licensee Event Report 91-007-00. This event was determined
reportable per 10CFR50.73(a)(2)(vii) in that a single condition resulted in the
potential for two or more independent channels to become inoperable in a single
support system designed to shut down the reactor, maintain it in a safe
shutdown condition and mitigate the consequences of an accident. Namely, air
entrapment in the Emergency Diesel Generator (EDG) fuel oil headers, identified
as the cause of a 'C' EDG slow start time on June 19, 1991, could potentially
result in start times exceeding those required, when the EDGs are tested .once
per 31 days in accordance with the Technical Specifications.
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fuel

Specification
10 seconds or
Specification
seconds.
was commenced.

oil.

inspection outage.
and will be implemented on the 'B' EDG by August 16, 1991,
implementation, the 'B' EDG is being tested once every 15 days as a prudent
measure. The 'C' EDG is being tested once every 7 days per Tech Spec Table
There were no safety consequences or compromise to public health
or safety since three EDGs remained OPERABLE as required by the SSES Safety
Analysis.

4.8.1.1.2-1.

The

monthly operability test.
not provided by the modification.

ABSTRACT (Limit to 1400 spaces, i ., approximaetely fifteen single-space typewritten fines) (16)

At 1458 hours on June 19, 1991, with both Unit 1 and Unit 2 in Condition 1 at
100% power, the 'C' Emergency Diesel Generator (EDG) failed to reach Technical
required speed, frequency and voltage within the required time of
less during its monthly operability test per Technical
surveillance requirement 4.8.1.1.2.a.
'C' EDG was declared inoperable and a root cause investigation

The most probable cause of the slow start was attributed to air .
entrapment in the fuel supply header which led to slower engine acceleration on
The cause of the fuel header air entrapment was attributed to a fuel
system flowing vent modification implemented on EDGs 'A' through 'D' in 1990.
The modified fuel piping design can potentially result in partial draining of
the fuel supply header when the EDG is only run once every 31 days for its
An effective means to vent the air upon startup was
Since this problem was a potential
contributor to a 'D' EDG slow start during a troubleshooting run on 3/25/91,
the flowing vents had been re-modified on that engine and were to be
implemented as a precautionary measure on 'A', 'B' and 'C' EDGs at their next
These re-modifications have been completed on 'A' and 'C'

Measured start time was 24

Until
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DESCRIPTION OF EVENT

At 1458 hours on June 19, 1991, with both Unit 1 and Unit 2 in Condition 1 at
1007 power, the 'C' Emergency Diesel Generator (EDG; EIIS Code: EK) failed to
reach Technical Specification required speed, frequency and voltage within the
required time of 10 seconds or less during its monthly operability test per
Technical Specification 4.8.1.1.2.a, Measured start time was 24 seconds. The
'C' EDG was shutdown, Limiting Condition for Operation (LCO) ACTION 3.8.1.1 was
taken for both Unit 1 and Unit 2 and a root cause investigation was commenced.

CAUSE OF EVENT

During the surveillance start on 6/19/91, Maintenance personnel were present to
monitor key engine functions during the start. An installed visicorder
provided a good record of important diesel generator parameters. The
monitoring conclusively identified the cause of the slow start as a fuel oil
delivery problem. This conclusion was based on the following:

0 Fuel oil pressure was observed to stay low for an extended duration
into the start instead of rising in 2 to 8 seconds as is normal.

0] The Fuel Control Rack remained fully open for the start duration
(normal operation)

0 Observed Air Start System operation was normal.
0 Visicorder traces showed all generator parameters to be normal.

Potential causes of a delay in fuel delivery to the engine cylinders are
improper fuel control rack operation, failure of the Fuel 0il Booster
Pump/Valves or excessive air in the fuel oil header.

The fuel control rack operation was normal, as observed by Maintenance
personnel during the start., Inspection immediately after the slow start
verified no fuel piping leaks which could have caused the failure. A manual
start of the Fuel 0il Booster Pump was initiated to determine if a pump or
pressure regulator valve problem was evident. During the manual start, fuel
oil pressure rise was normal and within 2 seconds, demonstrating proper manual
operation of the Booster Pump and a completely "solid" (no air voiding) fuel
oll supply header.

To verify proper automatic Booster Pump operation, a troubleshooting start was
performed on the 'C' EDG at 1611 hours, 6/19/91. The Booster Pump was observed
to start immediately and stop after a few seconds, per its design. Fuel
pressure was observed to rise to rated pressure within 3 seconds. All
observations confirmed correct Booster Pump operation. The 'C' EDG start time
during the troubleshooting run was 7.7 seconds.

NRC Form J68A (6-89)
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The monthly surveillance test was repeated at 1715 hours on 6/19/91. The start
time was normal at 7.6 seconds. Again, monitoring by Maintenance personnel
confirmed proper fuel system operation. The test was successfully completed in
its entirety and the 'C' EDG was shutdown at 2132 hours on 6/19/91.

Based on the investigation, the most probable cause of the 'C' EDG slow start
has been concluded to be excessive air trapped in the fuel supply header
existing prior to the initial surveillance run on 6/19/91. The cause of air
entrapment within the fuel supply header is believed to be due to an injection
pump flowing vent modification which had been implemented on the 'C' EDG in
August 1990. The flowing vent modification had been installed to alleviate an
injection pump overheating problem at idle or low power engine operation by
draining excess fuel oil back to the main fuel oil storage tanks. The new
flowing vents have been found ineffective in venting air from the fuel header
during startup. This modification had been installed on EDGs ‘'A' through 'D'
between August and October 1990, It should be noted that EDG 'E', which is a
fifth and spare EDG at Susquehanna, is of a different design and did not
require this modification. Warmer outside temperatures experienced recently
have made the problem more evident as decreased fuel oil viscosity results in
faster draining, thus increasing the rate at which air enters the fuel header.

Prior to the 'C' EDG 6/19/91 slow start, a concern for potential voiding of a
fuel supply header had only been surmised for the 'D' EDG. The 'D' EDG had
experienced a slow start on March 25, 1991 during a maintenance troubleshooting
run. Although the root cause of the 'D' EDG slow start could not be
conclusively determined, one potential contributor was identified as the
modification to the fuel oil flowing vent lines. As a result, the flowing vent
lines were re-modified to eliminate a potential fuel header voiding problem
(see attached sketches). Similar re-modifications were developed at that time
to be implemented as a precautionary measure on the 'A', 'B' and 'C' EDGs
during their next inspection outages.

A start failure was experienced on the 'A' EDG on April 22, 1991 ( see Docket
50-388 LER 91-006-00). In-depth investigations determined the most likely
cause of that event to be a sticky pneumatic valve which was not repeatable
during testing. Incorrect fuel control rack operation resulting in the start
failure was observed by maintenance personnel. Proper fuel oil pressure rise
had been observed during that test and, as such, it is not believed that the
flowing vent modification was the cause of that slow start.

REPORTABILITY/ANALYSIS

This event was determined to be reportable per 10CFR50.73(a)(2)(vii) in that a
single condition resulted in a potential for two or more independent channels
to become inoperable in a single support system designed to shut down the
reactor, maintain it in a safe shutdown condition and mitigate the consequences
of an accident. Namely, air entrapment in the fuel supply headers of the EDGs,

identified as the most probable cause of the 6/19/91 'C' EDG slow start and
caused by a modification performed on 'A' through 'D' EDGs in 1990, could

NARC Form J68A {6-89)
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potentially result in start times exceeding those required when the engines are
started once per 31 days in accordance with the Technical Specifications.

An injection pump flowing vent modification was implemented on the 'A' through
'D' EDGs between August and October 1990. The flowing vent modification was
installed to alleviate an injection pump overheating problem at idle or low
power engine operation ( The 'E' EDG (spare EDG) is a different design and did
not require this modification). Prior to the 6/19/91 'C' EDG slow start, a
concern for potential fuel supply header voiding had only been identified
relative to the 'D' EDG, which had experienced a slow start on March 25, 1991
during a troubleshooting run. Although the root cause investigation did not
identify a definitive cause for the 03/25/91 slow start, voiding in the fuel
supply header as a result of the flowing vent modification was identified as a
potential contributor. As a precautionary measure, the flowing vent design was
re-modified to eliminate the potential for fuel header voiding. Similar
re-modifications were scheduled for the 'A', 'B' and 'C' EDGs at that time, to
be implemented as a precautionary measure during their next inspection outages.

Following the 'C' EDG slow start at 1458 hours on 6/19/91, a Maintenance
troubleshooting start was performed at 1611 hours. The EDG successfully
started in 7.7 seconds. The monthly surveillance test was repeated at 1712
hours on 6/19/91, with a successful 'C' EDG start time of 7.6 seconds. To
verify 'C' EDG OPERABILITY, the monthly surveillance test was again repeated at
0535 hours on 6/20/91 from ambient conditions in order to verify that no- other
failure mechanism was being masked by the relatively short shutdown time
between the previous three starts. This start was also successful and the 'C’
EDG was declared OPERABLE at 0535 hours on 6/20/91.

As a result of the 6/19/91 slow start, the 'C' EDG Start Log indicated that
there were two (2) 'C' EDG failures in the last 20 valid tests. The 'C' EDG
test interval, therefore, is one start at least once per 7 days per Technical
Specification Table 4.8.1.1.2-1., Per Table 4.8.1.1.2-1, this test frequency
shall be maintained until seven consecutive failure free demands have been
performed and the number of failures in the last 20 valid demands has been
reduced to one or less. However, in light of the potential for fuel supply
header air entrapment during longer periods of no operation, as determined by
the root cause analysis investigation, PP&L shall continue the 'C' EDG test
interval of one start at least once per seven days until the re-modification to
the flowing vents is implemented. Potential partial draining of the header
appears to be dependent on the time the engine sits idle. The problem has not
been experienced when the engine is run more frequently than once per 31 days.
The once every 7 days testing of the 'C' EDG to date has been successful with
no recurrences of start times exceeding 10 seconds.

Following the 6/19/91 'C' EDG slow start, the 'A' and 'B' EDGs were started to
demonstrate that a voiding problem was not affecting their start times. Both
starts were successful (previous starts on both EDGs had been 19 days earlier).
As a prudent measure, PP&L has implemented a testing interval on the 'A' and

NRC Form J88A (6-89)
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CORRECTIVE ACTIONS

fuel supply header.

pressure within 3 seconds.

Proper fuel system operation was again observed.

implemented on the 'B' EDG by August 16, 1991,

Fuel Control rack operation was observed to be normal.

'B' EDGs of one start every 15 days. This test interval shall continue for
each EDG until the flowing vent re-modification is implemented.

The flowing vent re-modification has been completed on the 'C' and 'A' EDGs and
is expected to be implemented on the 'B' EDG by August 16, 1991.

Three EDGs remained OPERABLE during this event as required by the SSES Safety
Analysis to perform their design function, if required to do so. As such,
there were no safety consequences or compromise to public health or safety as a
result of this event. Although the 'C' EDG was inoperable per Tech Spec
3.8.1.1 for 14 hours and 37 minutes during the investigation and
troubleshooting, it was actually available for operation after the 24 second
start time following the purging of air from its fuel header.

Inspections immediately after the failure verified no fuel piping leaks that
could have lead to the slow start. A manual Fuel 0il Booster Pump.start was
initiated to determine if a pump or pressure regulator valve problem was
evident. Fuel pressure rise was normal and within 2 seconds, demonstrating
proper operation of the Booster Pump and a completely "solid" (no air voiding)

A troubleshooting start was performed and the 'C' EDG start time was 7.7
seconds. The Booster Pump was observed to start immediately and stop a few
seconds later per its design. Fuel pressure was observed to rise to rated

The monthly surveillance test was repeated. Start time was 7.6 seconds.

The 'C' EDG was started from ambient conditions at 0535 hours on 6/20/91. The
purpose of this restart was to verify that no other failure mechanism was being
masked by the relatively short shutdown times between the previous starts.
Following the successful start, the 'C' EDG was declared OPERABLE.

The 'C' EDG is being tested once every seven days in accordance with the
Technical Specification requirements. Additionally, PP&L performed start tests
on the 'A' and 'B' EDGs. As a prudent measure, these EDGs are being started
once every 15 days until the flowing vent re-modification is implemented on
them. The flowing vent re-modification has been completed on the 'A' and ‘'C'
EDGs. It is anticipated that the flowing vent re-modification will be

NRC Form J08A (6-89)
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ADDITIONAL INFORMATION

This Licensee Event Report also fulfills the requirement for issuance of a
Special Report per Technical Specification 4.8.1.1.4 for all EDG failures,
valid or non-valid. .

Failed Component Identification: Nome identified

Previous Similar Events: LER 90-015-00 reported a slow start on the 'A' EDG
7/26/90. The cause of the slow start was a
sheared 1" reducer on the air start header piping.

PLAS-455 (Special Report) described a slow start
on the 'D' EDG on 10/30/90. No positive root cause
was determined.

PLAS-428 (Special Report) described a slow start
on the 'E' EDG on 5/15/90. This slow 'start was
attributed to air infiltration into the fuel oil
piping as a result of a Fuel 0il Booster pump
suction flange leak.

NRAC Form JS8A (6-89)
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OF MANAGEMENT AND BUDGET, WASHINGTON, DC 20503,
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