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% UNITED STATESp'
y NUCLEAR REGULATORY COMMISSION,

WASHINGTON, D.C. 300eH001

*# September 4,1997

Hs. Irene H. Johnson Acting Manager
Nuclear Regulatory Services
Comonwealth Edison Company
Ex~ecutive Towers West III
1400 Opus Place. Suite 500
Downers Grove. IL 60515

SUBJECT: REVIEW OF PRELIMINARY ACCIDENT SE0VENCE PRECURSOR ANALYSIS OF
OPERATIONAL EVENT AT BYRON STATION, UNIT 1

Dear Ms. Johnson:

Enclosed for your review and comment is a copy of the preliminary Accident
Sequence Precursor (ASP) analysis of an operational event which occurred at
Byron Station. Unit 1. on May 23, 1996 (Enclosure 1), and was reported in
Licensee Event Report (LER) No. 454/96-007. This analysis was prepared by our
contractor at the Oak Ridge National Laboratory (ORNL). The results of this
preliminary analysis indicate that this condition may be an accident
precursor for 1996. In assessing operational events, an effort was made to
make the ASP models as realistic as possible regarding the specific features
and response of a given plant to various accident sequence initiators. We
realize that licensees may have additional systems and emergency procedures,
or other features at their plants that might affect the analysis. Therefore,
we are providing you an opportunity to review and comment on the technical
adequacy of the preliminary ASP analysis, including the depiction of plant
equipment and equipment ca) abilities Upon receipt and evaluation of your
coments, we will revise tie conditional core damage probability calculations
where necessary to consider the specific information you have provided. The
object of the review process is to provide as realistic an analysis of the
significance of the event as possible.

In order for us to incorporate your coments, perform any required reanalysis,
and prepare the final report of our analysis of this event in a timely manner.

) you are requested to complete your review and to provide any comments within
30 days of receipt of this letter. We have streamlined the ASP Program with
the objective of significantly improving the time after an event in which the
final precursor analysis of the event is made publicly available. As soon as
our final analysis of the event has been completed, we will provide for your
information the final precursor analysis of the event and the resolution of
your coments. In previous years, licensees have had to wait until
publication of the Annual Precursor Report (in some cases, up to 23 months
after an event) for the final precursor analysis of an event and the
resolution of their comments.

We have also enclosed severai items to facilitate your review. Enclosure 2
contains s)ecific guidance for performing the requested review, identifies the
criteria w11ch we will apply to determine whether any credit should be given
in the analysis for the use of licensee-identified additional equipment or
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specific actions in recovering from the event, and describes the specific
information that you should provide to support such a claim. Enclosure 3 is a
copy of LER No. 454/96-007. which documented the event.

Please contact me at (301) 415-3019 if you have any questions regarding this
request. This request is covered by the existing OMB clearance number (3150-
0104) for NRC staff followup review of events documented in LERs. Your
response to this request is voluntary and does not constitute a licensing
requirement.

Sincerely.

OriginalSignedBy:

George F. Dick, Jr., Project Manager
Project Directorate III-2
Division of Reactor Projects III/IV
Office of Nuclear Reactor Regulation
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Enclosures: As stated
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specific actions in recovering from the event, and describes the specific.
information that you should provide to support such a claim. Enclosure 3 is a
copy of LER No. 454/96-007, which documented the event.'

Please contact me at (301) 415-3019 if you have any questions regarding this
request. This request is covered by the existing OMB clearance number (3150-
0104) for NRC staff followup review of events documented in LERs. Your
response to this request is voluntary and does not constitute a licensing
requirement.

Sincerely,

o

Geo . Dick, Jr. Project Manager
Project Directorate 111-2
Division of Reactor Projects III/IV-

Office of Nuclear Reactor Regulation
'

Docket No. 50 454
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.

't

8

1

i

. - .-- . . . .. . . - , , .



-. . - - . - . .- - . . - - -.. . - .- ..

,j - . .

.I
I. M. Johnson -2-'

.

_

specific actions in recovering from the event, and describes the specific;-

information that you should provide to support such a claim. Enclosure 3 is a
copy of LER No. 454/96 007. which documented the event.

Please contact me at (301) 415-3019
-This request is covered by the existing OMB clearance numberif you have any questions regarding(3150-

this
request.4

0104) for NRC staff followup review of events documented in LERs. Your-

response to this request is voluntary and does not constitute a licensing
requirement.

Sincerely.

OriginalSigned By:.

George F. Dick, Jr. . Project Manager
'
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Event Description: Transformer bus fault causes a LOOP

! Date of Event: May 23,1996
4

Plant: Byron 1

Event Summary
, ,

When a fault occurred on the output bus from system auxiliary transformer (SAT) 142-2, protective relaying ,

isolated the Unit i SATs, resulting in a complete loss of offsite power (LOOP) to Unit 1 (Ref.1). The unit
was shut down at the time, with the Residual Heat Removal (RHR) system being used for removing the decay ,

heat from the core. All of the reactor coolant system (RCS) loop stop valves were closed at the time because
of steam generator (SG) maintenance The estimated conditional core damage probability (CCDP) associated

4
with the event is 2.5 x 10 .

Event Description
;

Byron Unit I was in cold shutdown with reactor coolant pressure at 350 psig and reactor coolant temperature
at 85'F, when a fault occurred at 0804 h on May 23,1996, on_the output of SAT 142 2. Water leaking

,

through insulator mounting holes degraded the metal inserts in the insulator as well as the insulator material'

- betwee the inserts his initiated a phase to-ground fault. The fault expanded to involve the other phases
:

and switchyard protective relaying to isolated SATs 1421 and 142 2. At the time, all 4.16 kV and 6.9 kV
buses were' powered from the SATs, so a complete LOOP resulted. Both emergency diesel generators
(EDGs) started and loaded onto their respective engineered safety feature (ESF) buses Shutdown cooling1 ,

was restored using the l A RHR pump.

- At the time of the event, Unit 2 was operating at 100% power. Air compressors and non essential service
;'~

water for both units were being powered from non ESF buses on Unit 1 (the Unit 2 station air compressor
was out of service). As designed, these buses were not reenergized when the EDGs energized their respective
ESF buses. Two minutes aAer the Unit 1 LOOP, plant operators manually scrammed Unit 2 because of the
lack of station air and cooling water for plant secondary systems.

Durmg a tif--w call on May 19,1997, with ASP Program staff, licensee personnel provided additional
information concermng this event. . Unit I had been shut down on April 5,1997. At the time of this event,-
the RCS_ loop stop valves were closed, and the water was drained in the RCS piping between the loop stop

; valves and the SGs to support mamtenance work that was in progress on the SGs. The water level in the
pressurizer was at ~50%. Following the LOOP, the EDGs provided power to the ESF buses until personnel
restored offsite power to SAT 1421 at 1300 h on May 24,1996 (29 h aAer the LOOP).' The EDGs were ' .

operated instead of cross tying the safety buses on the two units because of concern over the condition of the - .

:
'

'

1
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buses following the fault. Following repairs and trouble shooting, offsite power was restored to SAT 142 2
on June 9,1996.

Additional Event-Related Information
,

Normal ac power foi nonessential and essential loads at Unit 1 is provided via a unit auxiliary transformer
(UAT) and bcth SATs. During power operation, non ESF buses (inchiding the 6.9 kV buses that provide
power to the reactor coolant pumps and other large electrical loads) are usually aligned to the UAT, which
is fed from the output of the main generator. The ESF buses are connected via the SATs to the 345 kV
transmission lines which supply offsite power. Each SAT serves as a reserve power source for the non ESF
buses as well as a second source of offsite power for the corresponding ESF bus at the other unit. Each SAT
is capable of furnishing startup and limited operating loads.

Buses 141 and 142 at Unit I can be cross tied to buses 241 and 242 at Unit 2, respectively, to provide ac
power for ESF loads. Procedure iBOA ELEC 3, Loss of4 ki'ESFBus (Ref. 2) specifies the actions required
for protective load shedding, closing electrical breakers, and loading buses. If the battery charger associated
with the ESF bus cannot be reenergized by cross tying the ac buses, Ref. 2 instructs the operators to cross tic
the associated de buses in the two units using procedure BOP DC 7,125VDCESFBus Cross tic / Restoration
(Ref. 3). This cross tic can provide limited de power,

The RHR system is provided with relief valves to prevent overpressurizing the system. Each RHR pump
suction line is equipped with a relief valve set to lift at 450 psig. Below 200'F, each valve has a relief
capacity of 675 gpm. At 375'F, the relief capacity of this valve is 475 gpm. Each RHR purnp discharge line
is equipped with a relief valve capable of relieving 400 gpm at a pressure of 600 psig. Two motor operated
gate valves in each suction line from the RCS are independently powered and interlocked to prevent these
valves from opening above ~360 psig. An alarm is also provided to alert the operators in the event that
double-valve isolation is not being maintained and if RCS pressure increases above 400 psig.

The RHR system is a two-train system that includes two cross connect valves (RH8716A and B) in series in
the discharge piping. These valves are normally open during power operation, but one is closed when
miering Mode 4 (hot shutdown) to prevent potentially lifting a relief valve in the nonoperating train.' Closure
of RH8716A or U isolates the two RHR trains, resulting in the availability of only one RHR suction and
discharge relief valve for pressure relief when one RHR train is in use (the normal shutdown cooling
alignment at Bpon)(Ref. 4).

* This event actually happened. In 1989, an RHR suction rehef valve on the nonoperating RHR train unexpectedly
lined at Braidwood (a plant similar to Byron) and failed to rescat. The operators at Braidwood imtially assumed the
valve was associated with the operating RHR train, and isolated that train. Sixty-four thousand gal of water were
discharged before the open relief valve was found ninety-seven min aner this event began. Flow from two charging
pumps was required to reestablish the water level in the pressunzer This event is documented in Appendix C of the
1989 ASP status report (NUREO/CR-4674, Vol.12. August 1990)

2

.
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According to licensee personnel, if ac power had not been recovered following the LOOP, the water in the
core region would begin to boil in ~4.5 h and core uncovery would occur in 9-10 h.

Modeling Assumptions

The Unit i event was analyzed as a LOOP during shutdown The bus fault was the result of insulator
degradation over an extended period of time, and it was considered unlikely that an additional fault could
have occurred close in time on another bus. Because of this, the potential for a concurrent LOOP at Unit 2
was not addressed.

't

At the time of this event, the Unit i RCS loop isolation valves were closed and the water in the piping
between the loop isolation valves and the SGs were drained to support maintenance work that was in progms*

on the SGs. The RCS was at 350 psig and 85*F, with the p,essurizer one-half full. Following the LOOP,
RHR cooling was momentarily lost until RHR train 1 A was restarted after EDG I A reenergized its ESF bus.
Instrument air (IA) was lost because the operable station air compressors were powered from non ESF Unit 1 -
buses.

If personnel could not reestablish cooling using the RHR system, Byron's procedure IBOA PRI 10, Loss of'

RHR Cooling. Unit I (Ref. 5), specifks several attematives. For the plant condition that existed at the time
of the LOOP, these alternatives include (1) feed and bleed cooling using normal charging and excess letdown
through loop drains and (2) feed and bleed using normal charging and the pressurizer power-operated relief
valves (PORVs). Two other methods (safety injection pump hot leg injection and accumulator injection)
could potentially be adapted to provide decay heat removal, using the PORVs as a bleed path. At a minimum,4

this would require ac power to be available to at least one of the ESF buses. Use of the PORVs for bleed also
requires ac power to be available to a non ESF bus to provide power to one of the station air compressors,
because 1A is necessary for PORV operability during long-tenn feed and bleed. [lf the PORVs were selected
to "open" for feed and bleed prior to depleting the air in the reservoir, because of pressure cycling, then the
PORVs could stay open for an extended penod of time before air leakage depleted the resenoir. The open
PORVs, in conjunction with manually opening the accumulator discharge valves, could extend the time until
the onset of boiling in the core region. This potential recovery action (for which procedures do not exist) was
not considered in this an;Jysis.]

,

Because the current ASP models only address a LOOP at power, a separate shutdown event tree model was'

constructed to represent the conditions that existed during the actual event. Because of the multiplicity of
decay heat removal methods and the need for ac power for Sl of them, the shutdown event tree model only
addresses (1) the potential failure of the EDGs to start and load following the LOOP, and (2) the potential
failure to recover ac power,if the EDGs were to fail. Once ac power is recovered, this analysis assumes that
operator actions to recover RCS level, if necessary, and reestablish decay heat removal can be accomplished -

- relatively easily. That is, the probability of failing to restore decay heat removal using one of the approaches

,

3
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ower has been recovered, is assumed to be small compared to the
described in Ref. 5, given that ac p? - '

probability of not recovering ac power ,

The licensee -=*W H that if the EDGs failed to start following the LOOP and ac power was not
subsequently recovered to allow the RHR system to be restarted, boiling in the regen around the core would
begin -4.5 h aAer the LOOP. Up to this time, reactor coolant would expand slightly as its tesapirature

; increased because of des.sy heat, and would begin to fill the pressurizer with water, rbp Ag on the .

f specific conditions in the pressurizer, RCS pressure could increase to the 450-psig liR pressure of the RHR
inlet relief valve. For the estimated decay heat level at the time of the LOOP ( ~4 MWt), the RHR inlet relief

.
valve capacity is more than adequate to limit the pressure in the RCS to ~450 psig before boiling begins.
Therefore, up to the point of boiling, the previously operating RHR pump could be restarted once ac power

'

- is available to its ESF bus in order to restore RHR (altemate decay heat removal methods specified in Ref.
'

' 6 could be used if the pump failed to start).

Once boiling begins, and water in the core region is converted to steam, the relief capacity required to prevent.

overpressurizing the RCS is substantially greater. This specific concem was addressed in NUREG/CR 6144
(Ref. 6) in the screening analysis performed in Phase 1 of the NRC's evaluation of potential risks during low
power and shutdown operations at Surry. Appendix I to NUREG/CR-6144 estimates that if the RHR system
was not isolated in response to high pressure at the anset of boiling, a relief capacity of 436 gpm is required':

for each MWt of decay. heat. A relief capacity of ~1700 gpm would therefore be required to prevent
overpressurizing the RHR system for the ~4 MWt decay heat load estimated to exist at the time of this event.

This relief capacity would initially be available, because the PORVs would be set for low temperature
overpressure protection (LTOP). However, since 1A was lost when the LOOP occurred, only a limited,

number of PORV cycles would be available until the in-contamment PORV 1A accumulator was depleted.
Once the accumulator was depleted, the PORVs would cease to function Since the sucten and discharge
relief valves in the operating RHR train cannot relieve the ~1700 gpm necessary to prevent overpressurizing
the system, RCS and RHR system pressure would begin to increase, eventually resulting in RHR system,

rupture unless the RHR suction was manually isolated beforehand. The screening analysis in NUREG/CR-
6144 assumed that overpressurizing the RHR system would result in a large-break LOCA and core damage.

,

(Unlike Surry, Byron uses an RHR system that is located outside containment, like most pressurized water
4

- * The RHR train that was operating before the LOOP would remain configwed for operation and only require restart
i

- of the RHR pump once ac power was recovered. Because of the short ture that the pump would be stopped, standby-

| - related failures to-start would not substantially contribute to the pump failure to restart probability, leaving only demand-

,

related failures. Such failures contribute ~15% to the total failure-to start probability for motor driven pumps [ personal

[ communication. E. lefgna (SAIC) and J. Minarick (SAIC), July 2,1997]. Considering only demand-related failures
results in a failure to start probability for the previously operating ' rain of-4.5E-4. Combining this probability with the'

pmbebility that the redundant RHR pump will suffer a demand-related failure to start ($=0.1 in the ASP models) or that;

|= other failures will occur in the redundant RHR train, and the probability of failure of feed and-bleed cooling using a
. charging pump and the PORVs (estimated to be less than 0.02), results in an overall estimated failure of decay heat|

removal, given that ac power is available, ofless than 1.0E-6.

;- 4
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reactors. . An RHR system rupture at Byron would result in an interfacing system LOCA, which would be
much more dimcult to mitigate than a break inside containment.)

'

,

. At about the same time that boiling would begin and the RCS snd RHR systems would begin to pressurim,' >
,

_the Byron batteries would deplete. The batteries are sired to supply de loads for 4 h? Once de power is lost,
indicahon of RCS status would be unavailable to the operators: Control power for circuit breaker operation
would also be unavailable, which would further complicate recovery.

| To address these issues, the model used in this analysis considered the potential failure of the EDGs to start
and run for the 29 h period that olYsite power was not recovered following the LOOP and the potential failure-

to recover ac power to one ESF bus, if the EDGs failed, before boiling began at ~4.5 h. (The 29 h period may

1 be conservative. If emergency power had been lost, the licensee may have expedited the recovery of offsite
power.) To simplify the analysis, battery depletion was also assumed to occur at 4.5 h. The potential for the
operators to protect the RHR system from overpressure by manually closing one of the suction isolation-,

' valves (this does not appear to be addressed in Ref, 5) and restore ac power prior to core uncovery (9-10 h),'

given that only de power remained available once boiling began, is also addressed. Because the probability
of Rl!R failing is low, given that ac power is successfully recovered, the potential failure of the RHR system;_
and feed and bleed cooling is not included in the model,,

i:
The model for this event, shown in Fig.1, includes the following branches:-

'

LOOP The LOOP was caused by a fault on the output bus from SAT 142 2. Protective
relaying isolated both Unit 1 SATs and resuhed in a LOOP to Unit 1. The unit was in!

cold chutdown, with the RHR system in operation, the loop isolation valves closed and.

the SGs unavailable. A probability of 1.0 was assigned to the LOOP.
f

EP This branch represents the EDGs starting and running for the time period before olisite
power was recovered. The licensee, in the May 19,1997, telephone call noted that a

*
-

conscious decision was made to power the ESF buses from the EDGs, instead of

.

recovering offsite power using SAT 1421 or cross tying to Unit 2. This was because
the condition of the Unit I ac power system was not well understood. The EDGs*

- supplied the ESF buses for 29 h. Using the EDG failure to start and run probabilities
_

given in the ASP model for an at-power event, the probability of emergency powert
failure in the-29 h penod because of iMat and common cause effects is

1estimated to be 1.1 = 10 ,.

.

f

e

' The licensee ind cated in the May 19,1997, phone call that battery lifetime would not be expected to be greater even
.

though the unit was in a shutdown con & tion. This analysis assumes a 4.5 h battery hfetune, as di.Scussed in the next
- paragrsph. Table 8 3 9 of the Byron Updo#ed Fhu/Sq/ety Analysa Report indicates that most battery loads, including

the inverters, are assumed to be unavailable aAer 30 min This may imply an actual battery 1/e, if instrumentation
remains powered, ofless than 4 h

^
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- AC RECOV This branch represents the successful recovery of ac power before the onset of boiling ;

~ (4.5 h) if both EDGs failed to start and run. Following an estimated 30-min period to
stabilim and assess the status of the unit, it was assumed that the licensee would attempt

to recover ac power by repairing a failed EDG and by cross tying the two units.;

Because the cross tic procedure can be accomplished from the control room, while any

: EDG repair would take place at the EDGs, both recoveries were assumed to proceed in
parallel.

! The probability of failing to recover one of the two EDGs was assumed to be
I exponentially distributed, with a 4 h median time to repair (see Ref 7). The probability

of failing to cross-tie the Unit I and 2 ESF buses was modeled as a time-reliability
"

correlation (TRC) as described in # pan Reliability Analysis (Ref. 8). Because the
sequences of concem in this analysis involve a station blackout, the " recovery with-
hesitancy" TRC was used in the analysis. The probability distribution for this TRC is
lognormal, with an error factor of 6A. A median response of 10 min was assumed,

,

following the previously described 30 min delay. - The potential failure of either cross-
3

tie breaker was also addressed, using a failure-to-operate probability of 3 x 10'8 per
j

breaker (Table 8.2 8, Ref. 9). Using this approach, the estimated probability of failing
to recover power to an ESF bus before the onset of boiling (-4.5 h) is

5 = 10 (failure to recover one of the two EDGs)4
-

= | 2.5 = 10-3 (operator actions associated with the cross tie)
4

+ 6 x 10''(failure of the crors tic circuit breakers))

= 4.3 = 10'8 (failure to recover ac power).
H

DC CROSS TIE The ac power cross tie procedure (Ref. 2) instructs the operators to cross tic the dc

! buses if ac power cannot be recovered to the battery chargers. This branch repia.ts
the potential to cross tie the de buses between units before battery depletion. This'

would provide control and instrument power to Unit 1. This analysis assumes the de
cross tic procedure would be successful if the failure to cross-tic the ac buses was

i caused by ac breaker problems, but not if the failure to cross-tie the ac buses was caused
by the failure of the operators to perform the cross tic procedure. Using this approach
and the failure probabilities estimated in the AC RECOV branch, the probability of
failing to cross tie de power, given the failure to recover ac power, is estimated to be
0.29.

.
LONG-TERM This branch represents the long term recovery of RHR once boiling begins, provided dc
RECOV power remains available for instrumentation and control. Recovering RHR in this time'

. period would require actions for which procedures do not exist in order to isolate the
_ _

^
6

c
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RHR. system by local manual closure of one of the RHR suction valves prior to
overpressurizing the system and to ultimately recover ac power to an ESF and non ESF

,

bus to allow the use of a charging pump and the PORVs for feed and bloed. For the
Rpurposes of this analysis, a failure probability of 0.34 was assumed [ ASP recovery class ,

,

R2, see Appendix A to the 1995 ASP status report (Ref.10)].
.

Combining these branch probabilities using the event tree model shown in Fig. I results in an estimated
CCDP for this event of 2.5 = 10'5

Analysis Results
1

1

he CCDP estimated for this event is 2.5 = 10 . The dommant sequence, highlighted in Fig.1, involves4

!

. the observed LOOP,

[ . the potential failure of both EDGs to start and run (a station blackout),
failure to recover ac power prior to battery depletion and the onset of boiling in the region around..

the core, and
,

failure to cross tic de power to Unit 2 prior to the onset of boiling.; *

:

De other potential core damage sequence shown in Fig.1, involves

the observed LOOP,a

the potential failure of both EDGs to start and run (a station blackout),.

failure to recover ac power prior to battery depletion and the onset of boiling in the region around
>

.

the core,
de cross tic success, and.

failure to prevent overpressurizing the RH.R system and recover ac power before core uncovery..

The conditional core damage probabilities are shown in Table 1, while Table 2 lists the sequence logic --

associated with the sequences listed in Table 1. Table 3 provides the dermitions and failure probabilities for
event tree branch points m Fig.1.

.
- Other potential sequences leadmg to core damage, involving the failure to recover RHR once ac power is
recovered, are not shown in Fig.1. As noted in Modeling Assumptions, the conditional probability for these

4
sequences is estimated to be below 1.0 x10 .

The uncertainty in this event analysis is donunated by the uncertamty in the potential for overpressurtzmg
the RHR system pressurization once boiling begins and the uncertamty in the probability that ac power would .

- not be recovered through Unit 1-Unit 2 cross tic following a station blackout.-

This event involved water intrusion that degraded insulators on a 4.16 kV bus and resulted in a phase-to-
ground fault _ This event could have occurred at other proximate times. If it had occurred earlier in the

.
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shutdown, when the amount of decay heat was substantially higher, less time would have been available to
recover decay heat removal. This would have resulted in a higher CCDP than estimated herein.

If the event occurred when Unit I was at power, the bus fault would have resulted, as a mimmum, in an initial
-

loss of power to bus 142. If this occurred, the unit would probably have remained at power, with EDG 153
powering bus 142 loads. If at power switchyard impacts from the bus fault had been severe enough to have
tripped the main transformers, then the fault could have resulted in an at power LOOP, Because the
switchyard response is unknown, the potential for core damage, had the fault occurred at power, was not
addressed in this analysis.

Acronyms

ac alternating current
~ ASP accident sequence precursor

.CCDP conditional core damage probability
de direct current
EDG emergency diesel generstor

,

ESF engineered safety fetlure
1A instrument air
kV kilovolts
LOOP loss of offsite power
LTOP low temperature overpressure protection ,

,

MWt megawatts thennal
PORV power operated relicf valve
RCS reactor coolant system
RHR residual heat removal

_

; RTD resistance temperature detector
SAT system auxiliary transformer
SG steam generator

-UAT unit auxiliary transformer'
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Table 1. Sequence Conditional Probabilities for 1.ER No. 454/96-007

Conditional
Event tree Sequence core damage Percent

name number probability contribution
(CCDP)

SHUTDOWN 5 1.4 E 005 55.1

SHUTDOWN 4 1.1E-005 44.9
- .

Total (all sequences) 2.5 E-005 '

.,

. , 4

Table 2. Sequence Logic for Dominant Sequences for LER No.454/96-007

Event tree name Sequence Logic
number

SHUTDOWN 5 EP, AC RECOV, DC CROSS-TIE

SHUTDOWN 4 EP, AC RECOV,/DC CROSS TIE, LONO-
TERM RECOV

,

| Table 3. System Names for LER No. 454/96-007

Failure
I System name Description probability

AC RECOV Failure to Recover AC Power Before the Onset 4.3 x 10-8
ofBoiling

EP Failure to Recover Emergency Power 1.1 x 10-2

DC CROSS TIE Failure to Cross-Tie DC Buses Before Battery 2.9 x 10-'
Depletion

LONG-TERM Failure to Recover RHR After the Onset of 3.4 x 10-8

RECOV Boiling . :

i
'

'

;

!

I
.

i
'
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GUIDANCE FOR LICENSEE REVIEW 0F
PRELIMINARY ASP ANALYSIS

Background

The preliminary precursor analysis of an operational event that occurred at
your plant has been provided for your review. This analysis was performed as
a part of the NRC's Accident Sequence Precursor (ASP) Program. The ASP
Program uses probabilistic risk assessment techniques to provide estimates of
operating event significance in terms of the potential for core damage. The
types of events evaluated include actual initiating events, such as a loss of
off-site power (LOOP) or loss-of coolant accident (LOCA), degradation of plant
conditions, and safety equipment failures or unava11 abilities that could
increase the probability of core damage from postulated accident sequences.,

This preliminary analys-is was' conducted using the information contained in the
plant-specific final safety analysis report (FSAR), individual plant
examination (IPE), and the licensee event report (LER) for this event.

Modeling Techniques
.

The models used for the analysis of 1995 and 1996 events were developed by the
Idaho National Engineering Laboratory (INEL). The models were developed using
the Fystems Analysis Programs for Hands-on Integrated Reliability Evaluations
(SAPHIRE) software. The models are based on linked fault trees. Four types
of initiating events are considered: (1) transients, (2) loss-of-coolant
accidents (LOCAs), (3) losses of offsite power (LOOPS), and (4) steam
generator tube ruptures (PWR only). Fault trees were developed for each top
event on the event trees to a supercomponent level of detail. The only
support system currently modeled is the electric power system.

The models may be modified to include additional detail for the systems /
components of interest for a particular event. This may include additional
cquipment or mitigation strategies as outlined in the FSAR or IPE.
Probabilities are modified to reflect the particular circumstances of the

( ovent being analyzed.

Guidance for Peer Review

Comments regarding the analysis should address:

o Does the " Event Description" section accurately describe the event as it
occurred?

o Does the " Additional Event-Related Informattori" section provide accurate
additional information concerning the configuration of the plant and the

| operation of and procedures associated with relevant systems?
!

| o Does the "Modeling Assumptions" section accurately describe the modeling
i done for the event? Is the modeling of the event appropriate for the
'

events that occurred or that had the potential to occur under the event
conditions? This also includes assumptions regarding the likelihood of
equipment recovery.

|

:
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Appendix H of Reference 1 provides examples of coments and responses for
previous ASP analyses.

Criteria for E;aluating Comments

Modifications to the event analysis may be made based-on the coments that youSpecific documentation will be required to consider modifications toprovide. References should be made to portions of the LER, AIT, orthe event analysis.
other event documentation concerning the sequence of events.

System and

component capabilities should be supported by references to the FSAR, IPE,Coments related to operator response times

plant procedures, or analyses.and capabilities should reference plant procedures, the FSAR, the IPE, orAssumptions used in determining failure
applicable operator response models.
probabilities should be clearly stated.

Criteria for Evaluating Additional Recovery Measures

Additional systems, equipment, or specific recovery actions may be considered
for incorporation into the analysis. However, to assess the viability and

.

effectiveness of the equipment and methods, the appropriate documentation must
be included in your response. This includes:

normal or emergency operating procedures.*
piping and instrumentation diagrams (P&lDs),'

-

electrical one-line diagrams,'
-

results of thermal-hydraulic analyses, and
-

operator training (both procedures and simulator),' etc.
-

-

Systems, equipment, or specific recovery actions that were not in place at theAlso, the documentation should
time of the event will not be considered. address the impact (both positive and negative) of the use of the specific
recovery measure on:

the sequence of events.-

the timing of events,
the probability of operator error in using the system or

-

-

equipment, and
other systems / processes already modeled in the analysis (including-

operator actions).

For example, Plant A (a PWR)' experiences a reactor trip, and during the
subsequent recovery, it is discovered that one train of the auxiliaryAbsent any further information
feedwater (AFW) system is unavailable.
regrading this event, the ASP Program would analyze it as a reactor trip |The AFW modeling would be patterned
with one train of AFW unavailable. |after information gathered either from the plant FSAR or the IPE. |
However, if information is received about the use of an additional |

system (such as a standby steam generator'feedwater system) in
,

':

recovering from this event, the transient would be modeled as a reactor| 1

trip with one train of AFW unavailable, but this unavailability would be|

:

.-

* Revision or practices at the time the event occurred.
,
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mitigated by the use of the standby feedwater system. The mitigation
effect for the standby feedwater system would be credited in the
analysis provided that the following material was available:

standby feedwater system characteristics are documented in the-

FSAR or accounted for in the IPE,
procedures for using the system during recovery existed at the-

time of the event.
the plant operators had been trained in the use of the system-

prior to the event,
a clear diagram of the system is available (either in the FSAR,-

IPE, or supplied by the licensee)
previous ar,alyses have indicated t. hat there would be sufficient-

time available to implement the procedure successfully under the
circumstances of the event under analysis.
the effects of using the standby feedwater system on the operation-

and recovery of systems or procedures that are already included in
the event modeling. In this case, use of the standby feedwater
system may reduce the likelihood of recovering failed AFW
equipment or initiating feed-and-bleed due to time and personnel
constraints.

Materials Provided for Review

The following materials have been provided in the package to facilitate your
review of the preliminary analysis of the operational event.

'

The specific LER, augmented inspection team (AIT) report, or othere
pertinent reports.

A summary of the calculation results. An event tree with the dominant*
sequence (s) highlighted. Four tables in the analysis indicate: (1) a
summary of the relevant basic events, including modifications to the
probabilities to reflect the circumstances of the event, (2) the
dominant core damage sequences, (3) the system names for the systems
cited in the dominant core damage sequences, and (4) cut sets for the
dominant core damage sequences.

, r
-

Schedule

|Please refer to the transmittal letter for schedules and procedures for
submitting your comments.

References

1. L. N. Vanden Heuvel et al., Precursors to Potential Severe Core Damage |
IAccidents: 1994, A Status Report, USNRC Report NUREG/CR-4674 (ORNL/NOAC-
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National Laboratory and Science Applications International Corp., 1
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June 21, 1996

LTR LYRON 96 0179
FILE: 3.03.0800 (1,10.0101)

.

U.S. Nuclear Regulatory Conunission
Document Control Desk
Washington, D.C. 20555

Dear Sir:

The Enclosed Licensee Event Report from Byron Generating Station is
being transmitted to you in accordance with the requirements of
10CFR50. 73 (a) (2 ) (iv) .

This report is number 96-007; Docket No. 50-454.

Sincerely,

,

K. L. Koft
Station Manager
Byron Nuclear Power Station

KLK/WD/ja

Enclosure Licensee Event Report No. 96-007
,

cca H. J. Miller, NRC Region III Administrator
NRC Senior Resident Inspector
INPO Record Center
Comed Distribution List

i
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BYRON NUCLEAR POWER STATION 05000454 1 OF 6
inta .

Loss of Offste Power Due to a failure of an insualter on Phase B of the Urul 1 Stetson Auxiliery Transformer From Water intruson

EVENT oATE (El (ER NuMaER isi REPORT DATE 47) oTHER FACILITIES Involved (s)
gg " sacury e anse cocan estassan

WOWTH DAf ?!AR ?!AR N0imt DAY ftAn
05000

#acuir name pocas r metassen05 23 96 96 007 00 06 21 90- -

05000
OPERATpf0 THis REP RT is susM TTso PURSUANT To THE mEouiREMENis oF io cFA i. ec. c= on. or mo,.i siti

5MODE (9) 20.22011bl 20.2203(aH2Hvi 60.73(aH2H0 60. 73teH 2Hvuo
'

POWER 20.2203(aH11 20.2203(aH3H0 60.73:aH2Hal 60. 73(aH2Hal
0LEVEL (101 20.2203:aH2Ho 20 22034aH3Hui 60.73teH2Hao 73.7i

20.2203(eH2Hn) 20.2203teH4) X 60.73(aH2Hrvi OTHER
20.2203taH2Huo 60.36(cH il 60.73taH2Hvl spec'fy e Absteset betow

#*
20.2203(aH2Hivt 60.36tcH2) 60.73(aH2Hvut

LICENSEE CONTACT FoM THIS LER (12)
siaase istamone eeunseen tammase a,es case

Ray Choinard, Root Cause Expert 815 234 5441 X2041

COMPLETE oNE LINE FoM E.ACH CoM*oefENT FAILURE DEsCRISED iN THis RkPORT (13)

"f0 "$fCAUSE SYSTIM C000f0NElff 14ANUFACTURER CAUSE 575 TIM C0teP0utirT tiemuFACTURER

E alXP E4 EB H. K. Parter
,

XI E2 IG -5.4 - Y

SUPPLEMENT AL REPoMT EXPECTED (14) teositM Dat itAnDPEC'TED
YES SueteissioN,

X NOtit yes. complete EXPECTED SUBM SSION DATEl. DATE115)

AasTRACT (Lamst to 140o spaces, s.o.. soproximately 16 smg+ spaced typewntten knes) (15)

On 5/23/96. Unit 1 experienced a ' ass of Offsite Powe. (LOOP) for more that fifteen minutes. As a result of the
LOOP, the Station Air Compressors and non-essential service water pumps were lost. This lead to a decision to
manually trip Unit 2.

The LOOP resulted from a f ault on Station Auxiliary Transformer (SAT) 142 2. The fault was caused by a failed
insulator on the B phase on the non segregated bus duct. The insulator f ailed due to water intrusion into the bus
duct. Water leaked into the bus duct because of caulk that was leaking and a poor seal between the retaining bolts
for the insulator and the bus duct.

The bus duct was repaired, the other bus ducts were inspected, and changes to the preventative maintenance of the
non-segregated bus ducts are planned.

After Unit 2 was manually tripped, Source Range Detector, N31, failed to energize. The cause was a f ailed detector.
The detector was replaced.

There was a previous event of water intrusion into the non segregated bus ducts at Byron Station prior to 1984
(betore fuel load).

,

These events are reportable in accordance with 10CFR50.73(a)(2)(iv) as any event or condition that resulted in a
manumi or automatic actuation of any engineered safety feature (ESF), including the reactor protection system (RPS).

(p:uesesarspinerwnwye730r.wyre6:006)
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A. PLANT CONDITIONS PRIOR TO EVENT:

Event Date/ Time 05 23 96/0804

Unit 1 Mode 5 Hot Shutdown Rx Power 0% RCS (AB) Temperature / Pressure 85/350

Unit 2 Mode 1 Power Operations Rx Power 100% RCS LAB) Temperature / Pressure NOT/NOP

8. DESCRIPTION OF EVENT:

Prior to this event, the Unit 2 Station Air Compressor (SAC)(LFJ and the OC Non essential Service Water
(WSilKG) were Out of Service. By not having these available, a manual trip of Unit 2 was required. This
increased the severity of this event.

Unit 1 Event

On 5/23/96 at 08:04, Unit 1 Station Auxiliary Transformers (SAT's) lEB) isolated due to a phase A to phase B
current differential relay operation. This de. energized all 4.16 kV and 6.9 kV buses on Unit 1.

At 08:22, an Usual Event was declared due to the loss of offslie power for greater than 15 minutes.

At 08:29, shift personnel notified the State of Illinois about the event.

At 08:36, shift personnel made notification to the NRC via the ENS about the event.

Both the 1 A and 1B Diesel Generators (DG) LEK) auto started and loaded on to ESF busses 141 and 142. The!
non ESF busses,143 and 144, both remained de energized. Since the OA and 08 Non-essential Water (WS)
|KG) pumps and Unit 1 and Unit O Station Air Compressors (SACol(LD) were powered from 143/144, they
tripped when power was lost.

Unit 2 Event

Without the WS pumps (Non essential cooling water is a unit commor'syst;m), Unit 2 did not have cooling
water to many loads including Generator Auxiliaries, SAC's, and Condensate / Condensate Booster pumps.
Because there was no cooling to secondary systems or station air, the Unit 2 reactor was manually tripped at
approximately 08:06.

Unit 2 responded normally from a manual Reactor trip except for the following:

Source Range Detector llG), N 31 tailed to energize.*

The 2A Steam Generator Power Operated Relief Valve (PORV) ISB) failed to close in manual mode, and
*

; *
Process radiathn monitor llL),2 PRO 9J, * Component Cooling Water Heat Exchanger 2 Outlet Monitor
Skid," experienced a loss of communication with the main console (RM 11) in the control room.

Unit 2 remained stable in Mode 3 until the decision was made to cool down to Mode 5 for repair of
2RC8075D, *2D RC Loop Cold Leg RTD Manifold Outlet isolation Valve." This valve was found leaking during
the post trip containment walk down.

(phoemmer peeruertwpW73or.wp6061096)
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8. DESCRIPTION OF EVENT (cont.)

All rods inserted into the core. (This statement satisfees Comed's commitment to NRC Bulletin 96 01 for
reporting post trip rod insertion.)

>

These events are reportab!e in acwrdance with 10CFR50.73(aH2Hiv) as any event or condition that resulted in
a manual or automatic actuation of any engineered safety feature (ESF), including the reactor protection
system (RPS).

C. CAUSE OF EVENT:

Unit 1 Event

Switchyard breakers OCB 5-6 and ACB 6 7 feed the Unit 1 SAT. The Unit 1 SAT consists of two transformers
numbered 1421 and 142 2. Each provides a 4.16 kV and 6.9 kV feed to Unit 1. These feeds are further
subdivided inside the Auxiliary Building (AB) into two 4.16 kV buses (one Safety Related and one Non-Safety
Related) and two non safety related 6.9 kV buses. The buses coming from ecch SAT into the AB are run in
two, non-segregated bus ducts, one for the 4.16 kV and one for the 6.9 kV The three phases of 4.16 kV are
allin the same duct (non-segregated), separated from each other by about four inches. They are supported
from the top of the bus duct by insulators. The 6.9 kV bus design is similar.

The Unit 1 SAT 142 2 underwent a phase to ground fault on a phase 8 insulator. The location of the failed
insulator was about half way between the SAT and the AB. Upon flashing, the arc continued down the bus
bar, increasing in width until it involved the other two phases.

The specific evidence that supports this conclusion was the insulator damage and water found still dripping
through the bus duct onto the damaged insulator several hours after a rain shower. The initial point of arcing
was at this insulator and subsequent splatter of bus material could be followed from this point towards the AB.
As the arc heated the air and water in the duct, the duct pressurized. This caused the bottom duct bus panels
to bulge until the pressure was relieved through small vent holes in the panels.

i
The primary reason for the event wa; chronic water leakage through the insulator mounting holes. This lead to '

the failure of the phase B insulator. The water caused the degradation of the insulator metalinserts and
insulator material between these inserts. Eventually the bus flashed to ground through the degraded insulator
and initiated the event.

The cause of the water leakage has two components:

1) There is a weld exially down the center of the top of the duct that the center insulator
mounting bolts must straddle. This will not allow the channel-to-duct seal to be compressed
properly.

2) The caulk put on the channel to duct interface to supplement sealing this barrier is very thin in
the area of leakage on this insulator anc' was not sealed completely (see Figure 1).

|

|

|
1

l
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C. CAUSE OF EVENT (cont.)

These two factors allowed water to soep into the insulator conter and caused the insulator inserts to corrode
and eventually fail (see Figure 2).

; Unit 2 Event

Source Range Detector, N31, failed to energize because of a failed detector.

| D. SAFETY ANALYSIS:

Unit 1 Event

Unit 1 ESF equipment functioned as designed. The Auxiliary Power (AP) LEA) system isolated the fault
immediately to prevent further damage to equipment / components. With Unit 1 in Mode 5, all Unit 14.16 kV.

and 6.9 kV buses were powered from SAT 1421 and 142 2. Per design, only the ESF (bus 141 and 142)
buses automatically re-energized from 1 A and 18 DGs. With both ESF buses energized the reactor core cooling
was then re established by starting the 1 A RH pump. The 18 RH train was also available.

Unit 2 Event

U 2 was manually tripped to prevent damage to secondary equipment per procedure. An automatic trip wnuld
have occurred eventually due to loss of IA that would have caused the Feedwater regulating valves to fail
closed. Unit 2 equipment / components functioned properly except for:

i

Source Range Detector N 31 (IG) f ailed to energized. This was not significant since N 32 was availabler

and energized.
1

The 2A Steam Generator PORV (S8] failed to close in manual mode using the controller. This was not
significant because it was isolated by taking the control switch to close. And the other PORVs were
available for core heat removal.

*

Process radiation monitor 2PR09J (ILI experienced a loss of communication with the RM-11. This was
1

not significant because two other monitors were available to monitor component cooling.

!
All untt buses remained energtred by the Unit 2 SAT's (2421 & 242 2). During the recovery of Unit 2, there
was damage to the 2C Feedwater (SJ) pump rocirculation line due to a water hammer event. The cause of this
event was investigated under a separate report (PIR 455 200-96-0003).

E. CORRECTIVE ACTIONS:

Unit 1 Event

On the Unit 1 non-segregated bus duct ISAT 142-2), the following were completed or are planned:

All the insulator inserts on the Unit 1,142 2, bus duct were inspected for rust and signs of water leekoge.
Insulators with rust were removed and cleaned or replaced. Allinsulators were cleaned. The damaged
insulator was replaced,

l
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E. CORRECTIVE ACTIONS (co st.) !
:

The tightnoes of the bolts holding the insulator footings to the channel steel was verified to be
adequate.

The inside of the bus duct was oleoned,

The demoged cross braces were repaired.

All the channel steel was recoulked.

Tha robber sn#1s on the channel steel that was supporting the insulator that failed were replaced with
two rubber sesls pts.ced on top of each other. The weld was ground down.

The tive year preventative maintenance for the bus was done. This was last done in September of
1991.

The Unit 1,4.16kV fSAT 14211 and the 6.9kV (SAT 1421 and SAT 142 2), non segregated bcs ducts were
visually inspected to evoluete the condition of the coulking. Areas that had insufficient or locked coulking were
recoulked.

The Unit 2,4.16kV and 6.9kV, non segregated bus ducts (SAT 2421 and SAT 242 2) were visually inspected
to e!aluate the condetion of the coulking. Areas that had insufficient or locking coulking were recoulked. Only
accessible stees were inspected.

The lessons learned from this event will be shared with other Comed stations. NTS item 464 240 96 0064 08
will track this action.

After fituel repairs are completed on the bus duct for SAT 142 2, the fulllist of repairs will be reviewed for
implementation on the other non segregated bus ducts and for incorporation into the PM program.
NTS item 464 240 96 0064 11 will track this action.

Unit 2 Event

The failed Source Range Detector was replaced and calibrated.

i The M/A (Manual / Auto) station for the 2A Steam Generator PORV was inspected under Work Request-
960061436 and no problems were found. The volve was also stroke tested with no problems. No further
actions are planned.

Radiation monitor 2PR09J loss of communication cleared at about 1203 that day and no work was done on
the monitor. The cause of the communication problem is unknown.

|
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F. RECURRlNG EVENTS SEARCH AND ANALY$jft;

'

SOEM 901, * GROUND FAULTS ON AC ELECTRICAL DISTRl8UTION SYSTEMS.'

This SOER discusses six events that occurred in the industry involving faults on AC electrical systems. The
SOEM contains recommendations for inspections of electrical busses. Syron Station committed to inspecting

.

j
the non segregated bus ducts. The inspections included insulators, fire barriers, well penetrations, grounding

i systems, drains. and bolted connections. The station did not include inspection of the coulking on the channel
steel. Additional preventative maintenance activites will be done as a result of this event.

A search on ETS of previous Syron events over the last five years found no events involving water intrusion;
'

into non segregated bus ducts. The keywords used were ' bus and duct.' However, during a bus inspection '

prior to 1984 (before fuelload), following a trip of a Unit 2 SAT on the high voltage side. Water leakege was
found and on ettempt 'o coulk the channel steel to duct interf ace was done. The significance of the coulked
joint was stressed with workers. prior to re application for this event,4

i

G. COMPONENT FAllURE DATA:

MANUFACTURER NOMENCLATURE MODEL NUMBER MFG PART NUMBER.

H.K. Porter insulator A 30 617A
IST Encore Detector N//A WL 23706
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