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ENCLOSURE 1

UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D, C. 20588

SAFETV-EVALUATION_BY. THE-ORFICE_OF NUCLEAR-REACTOR.REGULATION

NE-MILE- -RESTARY. JSSU
JAGRA. -ROWER . CORPORATION
N§- -POINY,-UNIT.
ROCKET_NO,.30-410

1.0 JNTRODUCTION

On August 13, 1991, five Uninterruptible Power Supplfes (UPSs) tripped
simultaneousfy. as a result of an electric fault on B phase of the main step
up transformar causing & plant transient and loss of the control room
annuncfators, An NRC Incident Investigation Team (ITT) was established to
determine the facts relevant to this event,

These UPSs supply power to non-Class 1E loads and thus do not nead to be
designed, maintained and monitored in accordance with requirements for Class

1€ equipment and systems., By design each UPS is to a large degree internally
redundant, However, certain fatlures of the UPS or equipment supplied by the
UPSs make loss of uﬁs loads subject to single faflures. Furthermore, the
operators have emergency procedures and tratning and can rely on

safety-related equipment to safely shutdown the reactor, This safety evaluation
only focuses on those hardware and procedural corrective actions proposed by
the licensee which are relevant to restart of the plant,

The Yicensee, at & public meeting on Septembar 4, 1991, informed the staff that
they have {dent{fied the root cause of the event, have performed appropriate
corrective actions and are ready for restart of the unit, The agency
responsibi1ity for root ceuse determination for this evant lies with the Incident
Investigation Team $IIT) which §s continuin? its review. The Offfce of NRR

staff has been briefed by the 11T on their investigation to date fncluding

their review of root cause for this event, FoI!owin? the September 4, 1991,
public meeting, and after meeting with the IIT, the Ticensee was requested to
provide ths foi1ow1ng information for review: .

(a) Root Cause Analysis and Short Term Corrective Actions
(b) Plans to provide & 1ist of UPS loads to the operators in the control room
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(c) Procedures and training pertaining to the mitigatfon of aﬁ event caused
by loss of UPS 1A

(d) UPS Breaker Reliability and Coordination
2.0 EVALUATION

The 1icensee by letters dated September 10 and 11, 1981, submitted information
to address all fssues {dentified in the staff's request of September 5, 1991,
Our evaluation of the{r submittal, with consideratfon of the root cause
assessment provided by the IIT, 1is {ncluded herein,

2,1 Root Cause Analysis and Short Term Corrective Actions

On August 13, 1991, five UPSs (2vBB-UPS 1A, B, C, D and G) tripped as a result
of a fault on the B phase of the main transformer causing a ﬁ1ant transient.
The 1icensee's post-trig review has concluded that the UPS shutdown was caused
by low voltage created by the transformer fault that was sensed by the control
logic power supply of each UPS. The logfc trip was confirmed by the position
of the power supply breakers and the presence of a modular trip indication on
four of the five units., However, none of the ten Light Emitting Diodes which
should have {ndicated the cause of the modular trip were 11t, The alarm
indications on two of the five units were identical, Alarm indications on the
reraining three units were not consistent and for one of these units may have
been reset during early recovery attempts. It was further determined that the
preferred power supply for the control logic of the affected UPS is the B phase
of the maintenance supply with the fnverter output supply as a backup. Internal
batteries are also provided {n parallel with the preferred supply to the logic
units, These batteries were found to be discharged and {ncapable of being
recharged following the event. For the duratfon of the transformer fault and
until loads were transferred to offs{te power sources (1.e. approximately 200 m
sec), the B phase voltage to the statfon normal AC distribution system decreased
to about 50% of 1ts normal value, .

The 1{censee has evaluated the following three potential causes for the
simultaneous tripping of the five UPS:

a. Propagation of high frequency noise from the main transformer fault

b, Voltage transient on the statfon ground system -

¢, Voltage transient on the B phase of the normal AC distribution
system,

The 14censee concluded that high frequency noise could not have tripped all
five UPSS because preoperationa) testing has demonstrated that these units are
not sensitive to radfo frequency unless panel doors are open and an RF source
is in close proximity. It i also very unlikely that high frequency noise from
the fault could have been transmitted through the system's normal AC
distribution system because muitiple intervening transformers would have
filtered away such a signal, ,






“3.

With regard to the station ground system, the transformer fault to ground
caused currents to be delivered to the pfant ground that have the potential to
cause damage to grounded instrumentation components throughout the plant.
Review of the strip chart recordings available for the 345 KV side of the
transforner show a ground current contribution to the fault of 1,300 amgeres
coming from the 345 KV side of the transformer. No recordings are available
for the low side of the transformer which {s connected to the main generator
and, therefore, the generator contribution to the fault could not readily be
determined, However, since the fault is believed to have been developed on

the high side of the transformer (345 KV), we have concluded that the generator
contribution to the fault was nearly zero because of the delta low side
transformer connections, With these transformer connections the zero sequence
network configuration for the transformer would result in an open circuit for
:he low zide and, therefore, would restrict the 2ero sequence ?fau\t) current

0 ground,

The 1icensee has reported that the plant ground mat is designed to accept
30,000 amperes of fault currents without significantly rafsing the ground
gotentia\ whereby electrical component failures can occur. Therefore,

ased on this analysis, and since no other instrumentation ({including other
UPSs) was affected by the event, the licensee concluded that ground potential
was not the cause for the UPS trip.

The licensee, in order to confirm that the UPS trip was initiated by the
degraded voltage supply to the control logic, conducted varijous tests simulating
the voltage condition ge11eved to have occurred during the transformer fault,
These tests determined that: .

1) The trip point for the control logic is about 17 YDC and, when the voltage
was reduced below that value, the logic tripped the UPS supply breakers,

2) The K-5 relay drop-out voltage is about 45 VAC and pick up voltage is
about 52 VAC, The K-5 relay is used to transfer power to the alternate
source and 4t was determined that, since the voltage did not degrade below
50% to reach the 46 VAC, the relay did not drop-out and the alternate
source (the inverter supply) was not picked-up.

3) The {nternal 1oq1c batteries on all five units were dead and were not
ggpab1e of gupp ying proper logic voltage when 211 other sources were
sconnected, ’

4) Vvoltage transient (degraded voltage condition) on the maintenance power
supply 1n combination with degraded batteries tripped the control logic.
The voltage transient was not low enough to cause the K-5 relay to change
state, The licansee has demonstrated this on UPS 1C and UPS 1D, An
induced voltage transient during testing with good batteries did not
result in tripping the logic.
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5) A sudden 10ss of the maintenance powar supply with either new or degraded
batteries did not result in trippin? the control logic and the power
supply groper1y transferred to the inverter output. Internal capacitance
of the logic power supplies was sufficient to maintain control logic
voltage during the transfer time of relay K-5.

The above tests have demonstrated that with dead internal UPS batteries, and

all UPSs using maintenance power for the control logic, the initfating condition
for the loss of the five UPSs was the degraded voltage caused by the transformer
fault., Based on our evaluation of the submitted information and in particular
the cause analysis discussion with 11T, and these tests, the staff agrees

that the most 1ikely initfating condition of the UPSs loss was the degraded
control 1ogic voltage due to a design deffciency, in combination with the dead
internal UPS batteries. .

The 1icensee has proposed the following short term corrective actions priorvto
plant restart:

8) The power supply to the control logic for a1l five UPSs will be normally
fed from the {nverter output with the maintenance supply as a backup,

b} Replace 211 contro) logic backup batteries,

c) Make appropriate changes to the UPS vendor manual to address the identified
"~ deficiencies.

d) Review other plant hardware where backup batteries are utilized and verify
that the replacement schedule and control function of the batteries has
been properly {dentified.

The licensee has also committed to the following corrective actions post
restart:

a, Evaluate goss1ble future modifications to change the K-5 relay drop-out
characteristics.

b. Develop a replacement schedule for the logic batteries based on suppifer
reconmendations, actual service condition and purpose of the batteries
and provide easy access to these batteries for testing and replacement.

c. Continue laboratory testing to further fnvestigate inconsistent alarm
. 14ght indications.

We agree with the 1icensee's proposed pre-restart commitments for the UPS,
Although investigation to resolve loss of LED indicetion continues, it is our
Judgement that taese corrective actfons will substantially reduce the 1ikelihood
of UPS loss from low voltage transients.







2.2 UPS Load Lists

During the August 13, 1991 events, the power to many essential non 1E components
was lost. Contro) room annunciators, rod gos1tion indication and essential
1{ghting was lost, which added to the complexity of the event. Thérefore, the
licensee has committed to have UPS load 1ists available, prior to restart, to the
operators that provide circuit numbers, the device fed by sach respective UPS

and panel, the device location in the plant and a brief description of the

plant impact upon loss of power to the device. These 1ists will also provide
references to the applicable design documents of the specific circufts for
further information, if desired.

The staff finds that the proposed load 1ists will significantly help the plant
ogeratcrs during UPS outage maintenance activities and in the implementation
of event based operator response actions.

2.3 Procedures and Training

Niagara Mohawk Power Corﬁorat1on in 2 letter to Steven A, Varga, NRC from B,
Ralph Silvia, Niagara Mohawk Power Corporation dated September 10, 1991,
indicated that the ogerators were proger1y trained and correctly followed the
Emergency Operating Procedures (EOP's) during the event of August 13, 1991,
They also concluded that no changes are needed to0 be made to the EOPS or
errator training. The ldicensece stated they will develoﬁ and evaluate an
alternate method to determine control rod position and when final{zed, it will
be added to the ex{sting procedures,

However, the staff wanted further assurance that additional means are available

to the operators to determine if a reactor scram has occurred when control rod
position indication 18 lost and that the operators are properly trained to respond

to such a situation. The 1{censee provided this assurance in a letter to S. Varga
NRC from J. Firlit, Nine Mile Point Nuclear Station, Nia?ara Mohawk Power COrporat{on.
dated September 11, 1991, and a telephone conversation with the Operations

Manager of Nine Mile Point No, 2 (Michael Colomb) on September 13, 1991.

The steps available to the operator listed in order of availability and accessibility
m of the {nformation are:

1) Check nuclear fnstrumentation response {ncluding
a. APRM's indicate less than 4% power and lowering (EOP entry condition)

b. 1RM's (after driven into the core) indicate on-scale less than or
equal to range 6 to 7 and lowering

¢. SRM!'s (after driven into the core) indicate on-scale

2)  Check scram pilot valve solenoid 1ights are extinguished on panel
2CEC*PNL603






3)

4)
5)
6)

7)

a6 »

Chack indications that steam produc£1on fs at post shutdown decay heat
lexels (1135 than or equal to one turbine bypass valve or safety relief
valve open),

Check main steam 1ine radiation monfitors indicate downscale ({e, normal
shutdown levels on panels 2CEC*PNL60S and 2CEC*PNL633)

Check scram discharge volume level indication on panels 2CEC*PNLE0S and
2CEC*PNL611 (Rosemount indicating trip units) for upscale level

Check both air operated scram {nlet and outlet valves at each Hydraulic
Control Unit (locally) for open indication

Check 2RPS~P1133 Tocally at 1nstrumeﬁi rack 20GS~-RAK102 to verify that the
scram air header has been depressurized as shown by a downscale or zero
psig indication on the gauge

Based on our receiving confirmation from the licensee that the operators are
trained to consider the above steps to verify reactor scram in the event of
10ss of instrumentation caused by UPS faflure, the staff believes this to be
adequate for restart. Further the licensee has committed to develop an
alternate method to verify control rod position after restart and to verify
that sufficient other instrumentation is available to implement the EOPs. 1In
their resporse to NRC Bulletin 79-27 Niagara Mohawk provided an analysis to
show that the plant can be shutdown with the loss of any electrical bus. This
analysis will 8150 be reconsidered as part of this effort. 1In additfon, an
assessment of the 1{censee's training 1ncor£orat1ng the lessons learned from

this event was conducted by an NRC Specia?l

estart Assessment Team, This

inspection team determined that the enhanced training on UPS operation was

good.
Ues £

In addition, the 1icensee has developed a procedure for reenergizing a
ollewing 1ts trip.

2.4 UPS Bresker Reliability and Coordination Problem
During the event of August 13, 1991 and during subsequent troubleshooting

activities some circud
corrective actions taken by the

1)

2)
3)

4)

breaker grob1ems were experienced, These problems and
fcensee are discussed below.

The feeder breaker on UPS1A tripped twice during trouble shooting, The
1{censee determined the cause of this failure to be a lower trip setting
than sppropriate to sccommodate the higher expected inrush currents.
The Yicensee has changed the setpoint on UPS1A, UPSIB and UPS1G., UPSIC
and UPS1D were properly coordinated.

C8-3 on UPS1B would not close. This switch had been previously
{dentified as worn., The licensee has replaced the switch,

CB-2 on UPS1D would not close after fifteen cycles during trouble
shooting, This switch has been replaced by the licensee.

CB-3 on UPS1D binds on closure. The Yicensee has replaced this
switch, »
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The licensee has committed to qerform a root cause analysis for the breaker
failures after restart, We believe that the licensee's plan to investigate the
root cause in the longer term {s acceptable,

3.0 CONCLUSION

Based on the above evaluation, we conclude that the 1{censee corrective
actions based on the{r root cause analysis are apgropriate for the restart of
the g\ant. These corrective actions implemented before restart will minimize
the 11kelihood of future loss of UPSs from similar electrical transients. We
have also concluded that sufficient instrumentation and trafning are available
for plant restart that will grovide adequate informatfon for plant operators
to assure safe shutdown of the plant should the UPSs be lost.

¥oreover, on September 12, 1991, NRR and Region I met with the IIT to review
the resuits of NRR's findings regarding the UPSs and the licensee's associated
corrective actions related to the restart of the plant. The IIT had no
objections with the NRR technical findings and determinations concerning those
{ssues related to restart of the plant,

Principal Contributors:
tvangelos Marinos
Hukam Garg

Ron Frahm
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Background

On August 13, 1991, a Site Area Emergency was declared at Nine Mile Point Unit 2 due to a
significant electrical transient which resulted in a plant trip and a major loss of Control Room

" alarms and other instrumentation. Unit 1 was unaffected; and, subsequent to quick operator

actions to re-establish much of the lost instrumentation, Unit 2 was appropriately taken to a cold
shutdown condition.

At 5:48 a.m. on August 13, 1991, the "B" phase of the Unit 2 Main Power Transformer
electrically faulted resulting in an immediate main turbine-generator trip and a reactor scram
from 100% power. Prior to this event, the plant had been operating at or near full power since
February 10, 1991. The resultant station electrical transient caused the loss of five non-safety
related Uninterruptible Power Supplies (UPS), which resulted in a loss of a significant
proportion of the normal instrumentation and alarm systems used by the plant operators to
monitor and control balance of plant (BOP) equipment. The Class 1E electrical distribution
network that is needed to ensure safe shutdown capability and response to accidents was always
maintained operable throughout the event. Additionally, safety related instrumentation necessary
for monitoring the condition of the reactor remained functional.

The plant operators immediately responded to the event in accordance with their emergency
operating procedures. As a result of assessing the status of the plant, in accordance with the
Emergency Plan, the operators declared a Site Area Emergency (SAE) at 6:00 a.m. The specific
cause of this declaration was a "loss of all control room annunciators with a plant transient in
progress.”

Approximately one-half hour after the event, operators had temporarily restored power to the
instrumentation and equipment lost during the transient. This improved their assessment and
control capability and the plant was taken to a cold shutdown condition. After the recovery of
the instrumentation and in accordance with their procedures, the licensee exited the Site Area
Emergency after the plant achieved cold shutdown and an approved recovery plan was in place.
These conditions were met at 7:43 p.m. on August 13, 1991, and the SAE was terminated.

Subsequently, investigations were conducted by the NRC and the licensee to: identify the root
causes of the event, as well as for equipment failures that occurred; determine corrective actions
for the identified problems; and review and assess the performance of the plant equipment,
operators and emergency response organization.
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The NRC Incident Investigation Team (IIT) has completed their onsite activities and identified
deficiencies for followup and restart consideration by the Restart Readiness Assessment Team.

The initiating event was an internal failure of the "B" phase of the Main Power Transformer.
This component has been replaced with an installed spare unit. The faulted transformer will be
analyzed to determine the failure mechanism. The "A" and "C" phase transformers, as well as
the new "B" phase unit will be subject to routine pre- and post-startup surveillance testing to
ensure their continued operability.

The electrical fault on the Main Power Transformer depressed the supply voltage seen at the
UPS for a period of several cycles, resulting in failure of five UPS units associated with Balance
of Plant equipment. Based on the findings of the IIT and the corrective actions described in the
licensee’s letters to NRC dated September 10 and 11, 1991, the Office of NRR completed a
review of the restart issues concerning the UPS and agrees with the licensee’s proposed restart
corrective actions. The basis and conclusions of NRR are documented in Enclosure 1 of this
package. The licensee’s completion of the proposed UPS corrective actions has been confirmed
by the NRC Restart Readiness Assessment Team inspection.

Licensee root cause analyses and corrective actions for additional equipment problems identified
during this event are discussed below under Plant Physical Readiness to Restart.

tor Performance A nt and Trainin

Generally, the operators performed well, and maintained the plant in a safe condition throughout
the course of the event. With minor exceptions, Emergency Operating Procedures and
Emergency Plan Implementing Procedures were properly followed. Operator actions to restore
non-safety related instrumentation and controls were successful and timely. The post trip review
process was thorough, identifying equipment operating procedure weaknesses, as well as new
training needs for responding to a loss of UPS. These changes have been implemented by the
licensee. The special Restart Readiness Assessment Team determined that the licensee’s
configuration controls for re-establishing normal system alignment after use of the emergency
operating procedures (EOPs) were generally good; however, three sets of switches that could
be repositioned by the use of certain EOPs were not in the licensee’s procedure used to track
configuration control. Procedure changes were made to include these switches. The NRC
determined that this change would enhance the existing configuration control program.

It was found that operators failed to conduct a required surveillance on the suppression pool to
drywell vacuum breakers within the required two hour time period following the lift of a Safety
Relief Valve during the transient. The licensee has revised the appropriate plant procedures to
ensure that this surveillance activity is completed within the required time interval. The NRC
assessed that this should preclude recurrence.
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The inspection team found that the licensee’s training program for operation of the UPSs was
good. However, the program did not formally provide information on restart of a faulted or
failed UPS. Although operators were successful during the event in regaining UPS power via
the alternate supply (maintenance supply), they were only partially successful at restoring the
UPSs to a normal configuration. It was determined that these activities were outside the scope
of the original training program. Subsequently, the licensee has modified the training,
incorporating lessons learned from this event. The inspection team determined that the enhanced
training on UPS operations was good.

Emergency R nization P rmgn: n

The Emergency Response Organization (ERO) performance was assessed to be acceptable.
Operator recognition and assessment of the event was good. The licensee was found to have
appropriately classified the event in a timely manner. Also, direction and coordination of the
ERO within each emergency response facility was effective. Three problems were identified
during .the licensee’s critique of the event that warranted corrective action prior to restart.

During the initial stage of the event the licensee communicator made some required notifications
of offsite organizations in the wrong order. Secondly, some personnel responding to the event
had difficulty in crossing offsite boundaries to gain site access because they did not have their
emergency responder "green card" in their possession. Third, there was a delay in
implementing the personnel accountability procedure. The process took two and one half hours
vice the expected thirty minutes. This was due to the unavailability of those assigned to conduct
accountability. The licensee critique determined that the notification error was due to an
inadequate procedure. Subsequently, they made 2 procedure change to the notification procedure
and conducted related training for the personnel assigned this task. The inspection team found
this to be acceptable. All ERO members are expected to have a Green Card to facilitate access
to the plant. The licensee issued a memorandum to, and held discussions with, all ERO members
regarding the requirement to carry and display the Oswego County Emergency Identification
Cards (Green Cards). The inspection team determined this to be acceptable. The personnel
accountability issue was determined to be an error in timely initiation of the site accountability.
The licensee has committed to change their Emergency Plan Implementing Procedures to transfer
the responsibility for the accountability process to the site security organization. In the interim,
the security supervisors have been trained to initiate accountability following a station evacuation
anpouncement. The team determined this to be acceptable. :

Following the loss of annunciators and reactor trip, the licensee properly classified the event as
a Site Area Emergency in accordance with their emergency procedures. Although not a
corrective action for this event or required for restart, the licensee has since determined that







| @
Enclosure 2 4

given the instrumentation available throughout the event, a change to that, classification was
warranted. Specifically the licensee concluded that if reactor vessel pressure, reactor vessel
level, reactor power and containment pressure are available, then an Alert would be the
appropriate classification. The licensee requested the change to their emergency procedures on
September 11, 1991. The NRC reviewed the change and approved it on September 12, 1991.

Plant Physical Readiness for Restart

The Restart Readiness Assessment Team reviewed the licensee’s corrective actions for several
equipment performance problems that were identified during the post event investigations by the
NRC and the licensee. Except for the failure analysis on the "B" phase Main Power
Transformer and certain long-term analyses for breaker and logic card failures associated with
the UPS’s, all associated equipment problem root cause determinations have been completed.
Short-term corrective actions, including both hardware and procedure changes also have been
completed. '

The team verified that the licensee completed and successfully tested the modification to the non-
safety UPSs. The team also verified that the UPS control logic batteries were replaced with
fully charged batteries. As a related issue, the team reviewed the licensee’s control and use of
vendor supplied information, such as recommended preventive maintenance activities. The team
reviewed the vendor manual program to determine if recommended preventive maintenance
activities were being appropriately incorporated into station procedures. The team conducted
a detailed comparison of the vendor manuals with the maintenance program for a sample of
important safety and non-safety components. A high degree of conformance was noted with
variances justified by acceptable, documented engineering evaluations. The program procedures
were found to be adequate and interviews with a sample of the responsible personnel found them
to be cognizant of their duties. The team determined that the program was being adequately
controlled, but identified some weakness in the timeliness of licensee review of certain vendor
manual revisions. The licensee was found to have an initiative in progress which resolved this
potential concern; licensee management had required that each safety related item in the vendor
manual backlog be assessed individually prior to startup.

During the event there were indications of a potential water hammer in the Residual Heat
Removal System. The licensee conducted a visual examination of the affected equipment and
provided an evaluation concluding that any possible stresses experienced during the water
hammer were within the design of the piping and supports. The team’evaluated the licensee’s
review of this area including procedure changes to minimize the potential in the future. The
corrective actions taken by the licensee regarding operator procedure use when warming the
residual heat removal system for shutdown cooling mode of operation were appropriate. This
included re-emphasizing to all operators the actions to take when steps in a procedure cannot be
followed. The team also reviewed and found acceptable licensee actions regarding the oscillation
and check valve indication difficulties experienced on the reactor core isolation cooling system,
and the steps taken to prepare the new "B" phase Main Power Transformer for service.
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Finally, the team reviewed the status of the-overall maintenance program, the tracking of
outstanding items, and the level of management oversight. The licensee was found to have made
substantial progress in reducing the corrective and preventive maintenance (PM) backlogs.
Licensee management was found to be actively involved in tracking and prioritizing maintenance
activities. In addition, all outstanding safety related corrective maintenance activities are being
assessed by the licensee for potential operability impact prior to restart.

Based on the licensee actions observed, the team concluded that the short term corrective actions
were complete and sufficient for safe restart.
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