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ABSTRACT (Limit to 1400 spaces, i.e., approximately 15 single-spaced typewritten lines)

On February 7, 2016, at 1312 Eastern Standard Time (EST), Unit 1 was in Mode 1 (i.e., Run) at 88 percent
of rated power in end-of-cycle coastdown. At that time, an event occurred which resulted in a loss of offsite
power (LOOP) on Unit 1. Emergency diesel generators EDG-1 and EDG-2 started and tied to their
respective Unit 1 emergency buses. During diesel operation, EDG-1 exhibited oscillations in engine speed
and bus frequency. These oscillations had no adverse effect on equipment supplied by the bus, and all
supplied loads continued to perform their safety functions without interruption and without need for operator
intervention. However, due to the speed and frequency oscillations, EDG-1 was deemed after the fact to
have been inoperable. Following extensive testing and evaluation, the cause of the oscillations has not been
determined. The governor system for EDG-1 was replaced on March 6, 2016, as part of a planned upgrade
to EDG-1. Since that time, the oscillations have not recurred. Based on the fact that the governor
replacement eliminated the oscillations, it’s concluded that the oscillations resulted from a deficiency in the
governor system. Since the cause of the inoperability has been eliminated, no further corrective actions are
planned.
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Background
Inspection Report 2016-004, dated February 9, 2017 (ADAMS accession number ML17041A010), includes
a Severity Level IV non-cited violation for failure to submit a Licensee Event Report (LER) due to
inoperability of Emergency Diesel Generator 1 (EDG-1). This LER fulfills the requirement of
10 CFR 50.73(a)(1) pertaining to that violation.
On February 7, 2016, during a loss of offsite power (LOOP) event, oscillations of the EDG-1 fuel rack were
observed. During the event, maximum bus frequency oscillations of +/- 0.4 Hz were observed. According
to recorded electronic data, at the highest loading during the event, the load was oscillating by
approximately +/-300 kW. Loads supplied by EDG-1 continued to perform their safety functions without
interruption and without need for operator intervention.
However, it was determined after the fact that the observed speed and frequency oscillations rendered
EDG-1 inoperable, due to the uncertainty of the effect of the oscillations on EDG-1 at full load.
Duration of EDG 1 Inoperability
Based on data gathered by electronic monitoring, the oscillations commenced at approximately
1404 Eastern Standard Time (EST) on February 7, 2016. Prior to this time, there was no indication of
frequency, speed, or power oscillations on EDG-1. Without firm evidence to the contrary, this is assumed
to be the start time for EDG-1 inoperability.
On March 2, 2016, at 1458 EST, EDG-1 was removed from service for governor replacement. Work
associated with this modification corrected the condition causing the oscillations. EDG-1 was declared
operable following the governor replacement and associated testing on March 9, 2016, at 0151 EST.
Based on the above, EDG-1 was inoperable from February 7, 2016, at 1404 EST until March 9, 2016, at
0151 EST (i.e., approximately 30 days, 11 hours, 47 minutes).
Concurrent Inoperability of EDG-2, EDG-3, and EDG-4
EDG-2
February 19 from 2025 EST to 2053 EST (i.e., 28 minutes) for barring.
February 19 from 2104 EST to February 20 at 0014 EST (i.e., 3 hours, 10 minutes) for surveillance
testing.
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EDG-3
February 7 at 2211 EST to March 4 at 1834 EST (i.e., approximately 25 days, 20 hours, 23 minutes).
This inoperability was caused by a faulty fuse holder and was reported in LER 1-2016-02, Revision 1,
dated August 8, 2016 (ADAMS accession number ML16230A236). During this event, EDG-3
remained capable of being manually loaded.
EDG-4
February 15 from 1235 EST to 1434 EST (i.e., 1 hour, 59 minutes) for surveillance testing.
February 18 from 2106 EST to 2140 EST (i.e., 34 minutes) for barring.
February 18 from 2154 EST to February 19 at 0119 EST (i.e., 3 hours, 25 minutes) for surveillance
testing.
Reportability Criteria
This event is reportable in accordance with 10 CFR 50.73(a)(2)(i)(B) as operation prohibited by the plant's
Technical Specifications (TSs) for both Unit 1 and 2. EDGs 1 and 3 were simultaneously inoperable from
February 7, 2016, at 2211 EST to March 4, 2016, at 1834 EST. Required Action G.1 of TS 3.8.1, "AC
Sources - Operating," requires restoration of all but one EDG to operable status within 2 hours. If this is
not completed, then Required Action H.1 requires that an operating unit be in Mode 3 within 12 hours.
Therefore, Unit 2 should have been in Mode 3 by 1211 EST on February 8, 2016, and failure to do so
constituted entry into a condition prohibited by the TS. On February 12, 2016, at 2357 EST, Unit 1 entered
Mode 2 from Mode 4. This constituted a violation of Limiting Condition for Operation (LCO) 3.0.4.
This event is also reportable in accordance with 10 CFR 50.73(a)(2)(v)(D), as an event or condition that
could have prevented the fulfillment of a safety function needed to mitigate the consequences of an
accident. Brunswick EDG capacity is such that any three of the four diesels can supply the required loads
for the safe shutdown of one unit and a design basis accident on the other unit without offsite power. Thus,
with EDG-1 and EDG-3 inoperable, a loss of safety function also occurred. It has been determined that
EDGs 2 and 4 were also inoperable, at various times, for surveillance testing and associated activities.
These conditions are encompassed by the simultaneous inoperability of EDG-1 and EDG-3 and, as such,
do not constitute separate conditions that could have prevented the fulfillment of a safety function.
Event Description
On February 7, 2016, at 1312 EST, BSEP Unit 1 was in Mode 1 during end-of-cycle coastdown. At that
time, an event occurred, as reported in Brunswick LER 1-2016-001 (ADAMS accession number
ML16104A391), which resulted in a loss of offsite power (LOOP) to Unit 1 and the start of all four
emergency diesel generators (EDGs) [EK] on both units. Diesels EDG-1 and EDG-2 then tied to Unit 1
emergency buses [EB] E1 and E2 as designed. The LOOP did not exist on Unit 2, so its EDGs did not tie
NRC FORM 366A (06-2016)
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to Unit 2 emergency buses. Unit 1 loads supplied from E1 and E2 were powered successfully until normal
power was restored at 1628 EST on February 7, 2016.
During operation of EDG-1, oscillation in the fuel rack was noted. Maintenance and Engineering personnel
observed the EDG and drew the preliminary conclusion that the oscillations were not out of the acceptable
range for a partially loaded EDG operating in isochronous mode (i.e., operating independently of the grid
such that engine speed and bus frequency are controlled solely by the engine governor system). Later, it
was noted that the oscillations appeared to increase as load increased and stopped when EDG-1 was
shifted into the droop mode (i.e., able to be operated in parallel with the electric power grid) just before
being shut down.
Following the event, operating data showed that EDG-1 had started and loaded within the required
10 seconds. It successfully supplied the loads on its emergency bus throughout the LOOP event. The
frequency oscillations on the E1 bus were found to be between 59.7 Hz and 60.5 Hz which is well within
the TS limits of 58.8 Hz to 61.2 Hz. Loads supplied by EDG-1 had performed their safety function, and no
intervention by operators was needed at any time. The oscillations were still considered to be within the
range of acceptable behavior for a partially loaded EDG. Therefore, based on the actual performance of
EDG-1 during the LOOP, it was initially concluded that the EDG had remained fully capable of fulfilling its
safety function and was therefore operable. Consequently, no action was taken at that time to identify a
problem and to correct the oscillations.
On March 2, 2016, a surveillance was performed which tests the EDG-1 response to a simulated LOOP
and a loss of coolant accident (LOCA). During this test, EDG-1 is operated in isochronous mode, and
speed and frequency oscillations were again observed. The oscillations were of the same magnitude as
before and stopped when control was shifted into the droop mode prior to shutting down the EDG. It was
observed that bus voltage and frequency operated within parameters required by TS 3.8.1.
On March 6, 2016, a newly installed governor system was tested on EDG-1, following installation as part of
a preplanned upgrade of the EDG controls. With the new governor installed, speed and frequency
oscillations were eliminated and have not recurred. The system was declared operable at 0151 EST on
March 9, 2016.
Due to the uncertainty of the postulated effect of the speed and frequency oscillations on EDG-1 at full
load, EDG-1 has been determined to be inoperable.
Event Cause
The cause of this event has not been conclusively determined. Since the governor replacement
eliminated the speed/frequency oscillations, it’s concluded that the cause was located within the governor
system. However, examination by on-site personnel and extensive testing by the manufacturer of the
governor have not been able to determine a failure within the governor that could account for the behavior
of the system. The other three EDGs at BSEP have not exhibited similar speed and frequency
oscillations.
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Safety Assessment
Speed and frequency oscillations in EDG-1 were first observed during a LOOP event on February 7, 2016,
when emergency busses E1 and E2 were being powered by EDG-1 and EDG-2. Only EDG-1 exhibited
oscillations. The two EDGs supply power to independent buses and therefore do not affect each other. The
magnitude of the oscillations on EDG-1 was observed to be between 59.7 Hz and 60.5 Hz, which was well
within the bounds of TS Surveillance Requirement 3.8.1.2 of greater than or equal to 58.8 Hz and less than
or equal to 61.2 Hz. EDG-1 successfully powered all required loads during the actual LOOP event, up to a
peak loading during the event of 2650 KW. No intervention by operators was needed at any time to control
the oscillations or to protect any equipment powered by EDG-1. During the LOOP/LOCA test conducted
on March 2, 2016, the loading on the bus was approximately the same as that experienced during the
actual LOOP event of February 7, 2016. Nonetheless, the magnitude of the oscillations remained
approximately +/-0.4 Hz and remained within a peak power value of approximately 2840 KW. By
comparison, the EDG is designed for continuous operation at a maximum of 3500 KW, and for up to 2000
hours of operation at 3850 KW. Consequently, safe operating limits for EDG-1 were never challenged, and
EDG-1 was shown by both testing and an actual event response to be capable of powering loads expected
in the event of an LOOP/LOCA event. In the event that an additional source of standby onsite alternating
current (AC) power had been needed, the site’s supplemental emergency diesel generator was available
throughout the entire event.
Based on this analysis, this event had no adverse impact on the health and safety of the public.
Corrective Actions
The governor for EDG-1 was replaced on March 6, 2016, as part of a planned upgrade. The governor
system replacement included in its scope all of the speed control components and connections which are
suspected of being capable of producing the oscillations that were observed. Since the oscillations have
not recurred since that time, it is concluded that the source of the control instability has been eliminated by
the replacement and no further corrective actions are planned.
Previous Similar Events
No events have occurred in the past three years in which an emergency diesel generator was made
inoperable because of a problem with its governor system.
Commitments
This report contains no new regulatory commitments.

NRC FORM 366A (06-2016)

Page

5

of

5

