Final Precursor Analysis

Accident Sequence Precursor Program --- Office of Nuclear Regulatory Research

Quad Cities 2 Loss of offsite power to Unit 2 but not Unit 1 due to failure of
Unit 2 main power transformer with the subsequent failure of
a switchyard breaker relay

Event Date: 08/02/2001 LER: 265/01-001 CCDP = 5x10°

Event Summary

On August 2, 2001, at 0813 hours, lightning struck a 345-kv line that connected to the Quad Cities
switchyard. Both Unit 1 and Unit 2 were at 100% power. The lightning strike caused the Unit 2
main power transformer to rupture and catch fire, leading to an automatic shutdown of the Unit 2
reactor. Subsequently, additional breakers in the switchyard supplying offsite power to the Unit 2
reserve auxiliary transformer (RAT) opened. Consequently, Unit 2 lost all offsite power. Unit 1
remained connected to the offsite grid with a reduced number of offsite power lines. (Ref. 1)

An unusual event was declared following the Unit 2-centered loss of offsite power (LOOP). The
swing emergency diesel generator (EDG 1/2) and the Unit 2 emergency diesel generator (EDG 2)
automatically started as required and supplied electrical power to the safety-related buses (bus 23-
1 and bus 24-1) for Unit 2. The two station blackout EDGs were manually started as required by
station procedures but were not manually loaded to any electrical bus since this was not required.
The Unit 1 EDG (EDG 1) was not required to start because bus 14-1 did not lose voltage, as its
electrical feed was from Unit 1. An alternate source of offsite power from Unit 1 to Unit 2, using
the RAT of Unit 1 feeding through the station emergency bus cross-tie to Unit 2, was available, but
this source of offsite power for Unit 2 was not used during the event.

The Unit 2 reactor core isolation cooling (RCIC) system and the safe shutdown makeup pump were
manually started and used to maintain reactor vessel water level. Reactor pressure was controlled
with the main steam relief valves. All safety systems operated as designed to shut down the Unit
2 reactor and maintain it in a safe shutdown condition. There were no failures of equipment
following the Unit 2-centered LOOP that complicated the controlled shutdown of Unit 2.

The fire in the Unit 2 main power transformer was extinguished at approximately 0845 hours
(approximately 32 minutes after the lightning strike) by (1) the automatic actuation of the
transformer’s fire protection deluge system, (2) actions of the station fire brigade, and (3) actions
of the local fire departments. Offsite electrical power to Unit 2 emergency buses (buses 23-1 and
24-1) from the Unit 2 RAT was restored at approximately 1047 hours. EDG 1/2 and EDG 2 were
then shut down. The Unit 2-centered LOOP lasted approximately 2.5 hours.

Unit 1 power was lowered to approximately 93% following the LOOP at Unit 2. Due to the Unit 2-
centered LOOP, Unit 1 was in a 7-day technical specification limiting condition of operation (LCO)
from 0813 hours to 1047 hours due to offsite electrical power not being available from Unit 2. Unit
1 was also in another 7-day LCO because the swing diesel, EDG 1/2, was dedicated for use at Unit
2 and not available for Unit 1 from 0855 hours to 1041 hours.
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Cause. The cause of the Unit 2 main power transformer failure was original equipment
manufacturer design and construction errors that allowed the mechanical failure of the bus bar
clamps (due to undersized bus bars and bus bar clamp bolts). After the lightning strike, this
mechanical failure of the bus bar clamps created a phase-to-phase fault in the main power
transformer, which caused a fire in the transformer. The Unit 2 main power transformer was
subjected to multiple electrical faults during its service life, which contributed to its ultimate failure.
Although the licensee knew about the faults, they were not tracking the number of faults or the
severity of the faults on the transformer. The cause of the subsequent loss of all offsite power to
Unit 2 was a transistor failure due to age degradation in a static breaker failure relay, causing a
slow relay reset time (Ref. 1). The age-related degradation was not recognized earlier due to the
failure to include completion of the reset function in their relay testing program.

Initiating event. For Unit 2, the event is considered a unit-centered LOOP caused by failure of a
switchyard breaker relay to properly respond to failure of the Unit 2 main power transformer.

For Unit 1, there is no initiating event. For approximately 2.5 hours, Unit 1 had restricted electrical
power while offsite power was being restored to Unit 2. The 2.5-hour time period that Unit 1 had
restricted electric power is much shorter than the time allowed by the Unit 1 technical specifications.
In addition, a screening evaluation was performed that indicated the risk significance of restricted
electrical power at Unit 1 for this event was negligible.

Recovery opportunities. At the time of the Unit 2 scram, offsite power was available from Unit
1 for use at Unit 2. However, the operators chose not to use this Unit 1 source of electric power
but rather to use the two emergency diesel generators that automatically started and ran for
approximately 2.5 hours. The actual recovery of offsite power to Unit 2 was accomplished by using
Unit 2 offsite power sources at approximately 2.5 hours.

Normal recovery of equipment (default value) was used in the risk analysis for equipment not
impacted by the Unit 2 main power transformer fire.

Analysis Results

e CCDP'

Conditional core damage probability (CCDP) is 5.4 x 10° (mean).

Point Value Mean 5% 95%
CCDP 55x10° 54x10° 7.2x107 1.7 x10°

This CCDP exceeds the Accident Sequence Precursor (ASP) program acceptance threshold value
for an initiating event. The CCDP is greater than 1.0 X 10°, and the CCDP is greater than the
CCDP for a transient with loss of reactor feedwater and no reactor feedwater recovery, which is 1.2
X 10 (point estimate).

' For the initiating event assessment, the parameter of interest is the absolute value of the CCDP.
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It should be noted that this initiating event assessment is equivalent to calculating the conditional
core damage probability of Unit 2 for a unit-centered LOOP because there were no other failures
in the actual event following the Unit 2-centered LOOP.

° Dominant sequence

LOOP Initiating Event: The core damage sequence with the highest CCDP (2.4 x 10° or
43.6% of the total) for the Unit 2 initiating event assessment is LOOP Sequence 65 (see
Figure 1). Three other significant core damage sequences are LOOP Sequence 62-04-5 (9.3
x 107 or 16.9%), LOOP Sequence 09-5 (9.0 x 107 or 16.4%), and LOOP Sequence 61 (7.1
x 107 or 12.9%). The events and important TOP events for these three sequences are
shown in Table 1 and Table 2a. These include:

LOOP Sequence 65

— reactor protection system (RPS) fails

LOOP Sequence 62-04-5

- RPS works

— emergency electrical power system works

- one safety relief valve (SRV) sticks open

— safe shutdown makeup system works

— suppression pool cooling fails

— containment spray system fails

— containment venting fails

- following containment failure, equipment fails because of survivability concerns

LOOP Sequence 09-5

- RPS works

— emergency electrical power system works

- all SRVs close

— RCIC system works

— suppression pool cooling fails

— manual depressurization works

— shutdown cooling fails

— containment spray system fails

— containment venting fails

— following containment failure, equipment fails because of survivability concerns

LOOP Sequence 61

— reactor protection system works

— emergency electrical power system works

— all SRVs close

- RCIC system fails

— high pressure coolant injection (HPCI) system fails
- safe shutdown makeup system is unavailable
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— manual depressurization fails
— insufficient control rod drive (CRD) flow to the reactor coolant system

Results tables

— The conditional probabilities of the dominant sequences for the Unit 2-centered LOOP are
shown in Table 1.

— The event tree sequence logic for the dominant sequences is provided in Table 2a.
Definitions of TOP events are provided in Table 2b.

— The highest value conditional cut sets are provided in Table 3.

— The definitions and probabilities for certain basic events are provided in Table 4.

Modeling Assumptions

Assessment summary

This event was modeled as a unit-centered LOOP initiating event for Unit 2.

SPAR model used in the analysis

The Standardized Plant Analysis Risk (SPAR) model for Quad Cities 1 & 2 (Rev. 3) was used
for this assessment (Ref. 2). The naming convention for event trees, fault trees, and basic
events in the model is for Unit 1; however, the model is valid for either unit.

Unique system and operational considerations

None.

Modifications to event tree models

Recovery of long term shutdown cooling. The recovery rules for the LOOP event tree were
modified to credit recovery of shutdown cooling late in certain sequences. This was done in
a manner similar to the use of a nonrecovery term for the transient (TRANS) event tree. In
the TRANS event tree, the nonrecovery term SDC-LTERM-NOREC was added to certain
sequences where (1) the reactor protection system successfully tripped the reactor, (2) the
power conversion system has failed, (3) no relief valves have stuck open, (4) high pressure
injection (RCIC, HPCI, or safe shutdown system) was successful, (5) the reactor has been
successfully depressurized, but (6) long-term decay heat removal has failed (suppression
pool cooling [SPC], shutdown cooling [SDC], and containment spray system [CSS]). The
selected sequences in the LOOP event tree are sequences 8, 9, 22, 23, and 33. The
nonrecovery event SDC-LTERM-NOREC2 (Operator fails to recover shutdown cooling long
in the long term) was added to selected sequences of the LOOP event tree where (1) the
reactor protection system has successful tripped the reactor, (2) the emergency power system
has successfully restored power, (3) no relief valves have stuck open, (4) high pressure
injection (RCIC, HPCI, or safe shutdown system) was successful, (5) the reactor has been
successfully depressurized, but (6) long-term decay heat removal has failed (SDC and CSS).
The recovery rules for the LOOP event tree were modified as follows:
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Long-term recovery of SDC given initial success of injection.
if system(/RPS) * system(/EPS) * system(/SRV) * (system(/RCI2) + system(/HCI) +
system(/SSM)) * system(SDC) * system(CSS) then
AddEvent = SDC-LTERM-NORECZ2;
endif

The value used for SDC-LTERM-NOREC2 in the LOOP sequences was based on the
similarity between a unit-centered LOOP with success of the electrical power system and a
transient with loss of the power conversion system. In a unit-centered LOOP with success
of the electrical power system and no stuck-open relief valve, the recovery of the decay heat
removal systems in the long term should be identical to the recovery of the decay heat
removal systems in the long term for TRANS with loss of the power conversion system and
with no stuck-open relief valve. There is nothing in the unit-centered LOOP logic that would
indicate that the operators would have less time to recover the residual heat removal system
(RHR) in the long term, that recovery would be any more complicated, or that the stress level
would be any higher. The initial stages of the two events might be different, but the long-term
RHR recovery actions or inactions would be the same. However, in order to add some
conservatism to the analysis, the value used for SDC-LTERM-NOREC2 (3.2E-2) was taken
to be twice the value used for SDC-LTERM-NOREC (1.6E-2).

Treatment of RPS. The dominant sequence for core damage is the failure of RPS. In the
event tree for LOOP (see Figure 1), the failure of RPS following LOOP (Sequence 65) leads
directly to core damage and not to a transfer to an ATWS event tree as found in the IE-
TRANS event tree. No modification to Sequence 65 was made for the analysis. No
documentation could be found that would allow a change to the sequence to allow a transfer
to an ATWS event tree following LOOP. Also, even though the probability of failure of RPS
following IE- LOOP is less than the probability of failure of RPS following IE-TRANS, the same
values were used for RPS failure following IE-LOOP as used for RPS failure following |IE-
TRANS. This treatment of RPS results in a higher CCDP in the analysis than might be
calculated with more complete documentation of the response of RPS following IE-LOOP.

Modifications to fault tree models

Changes were made to the fault tree for the LOOP FLAG sets to allow setting loss of power
to the various divisions of electric power. These changes are shown in the table below and
in Figures 2 through 15. In addition, a basic event was added to the division | and Il ac
electric power trees to model the ability of the operators to cross-connect the 4160 V buses
to Unit 1, which had offsite power (see Figures 5 and 8).
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Fault Tree Unmodified FLAG Modified FLAG Figure
CRD-A LOOP LOOP-I Figure 2
CRD-B LOOP LOOP-II Figure 3

CVs LOOP LOOP-I or LOOP-II Figure 4

DIV-1-AC LOOP-| LOOP-I Figure 5

DIV-1-AC-U2 LOOP-I-U2 LOOP-I-U2 Figure 6
- LOOP-I

DIV-1-DC LOOP LOOP-I Figure 7

DIV-2-AC LOOP-II LOOP-II Figure 8

DIV-2-AC-U2 LOOP-II-U2 LOOP-II-U2 Figure 9

DIV-2-DC LOOP LOOP-II Figure 10

SWS-U1A LOOP LOOP-I Figure 11

SWS-U1B LOOP LOOP-II Figure 12

SWS-U2A LOOP LOOP-I-U2 Figure 13

SWS-Uz2B LOOP LOOP-II-U2 Figure 14
TBC-A LOOP LOOP-I Figure 15

Initiating event probability changes

For this analysis, the frequency for initiating event IE-LOOP was set equal to 1.0 and the
frequencies for all the other initiating events were set to zero. The LOOP FLAG sets were
changed as follows to make this a unit-centered LOOP.

- LOOP =TRUE

— LOOP-I =TRUE

— LOOP-I-U2 = FALSE
— LOOP-II = TRUE

— LOOP-II-U2 = FALSE

Basic event probability changes
Table 4 provides the basic events that were changed to analyze this event.

Several of the basic events changed involve the recovery of ac electrical power. The values
used were based on the assumption that offsite power was available from Unit 1 attime T =
0. A general description of the approach to estimating electric power recovery is contained
in Attachment A. One of the important assumptions regarding the recovery of offsite power
from the Unit 2 switchyard is that at least 30 minutes is required to restore power to
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emergency loads with offsite power available attime T = 0.0. As seen in Attachment A and
Table 5, the final value used in the analysis is dependent on the performance shaping factor
used for the time available.

— Probability that the operator fails to recover ac power in 30 minutes (ACP-XHE-
NOREC-30). This probability was changed to 1.0E-1 as shown in Table 5. The
performance shaping factor for time was given a value of 10 since the time available to
perform the action is approximately equal to the time required to perform the action.

— Probability that the operator fails to recover ac power in 90 minutes (ACP-XHE-
NOREC-90). This probability was changed to 1.0E-2 as shown in Table 5. The
performance shaping factor for time was given a value of 1.0 since the time available to
perform the action is between two and four times the time required to perform the action.

— Probability that the operator fails to recover ac power in 4 hours (ACP-XHE-NOREC-
4H). This probability was changed to 1.0E-3 as shown in Table 5. The performance
shaping factor for time was given a value of 0.1 since the time available to perform the
action is greater than five times the time required to perform the action.

— Probability that the operator fails to recover ac power before battery depletion - 4
hours (ACP-XHE-NOREC-BD). This probability was changed to 1.0E-3 as shown in
Table 5. The performance shaping factor for time was given a value of 0.1 since the time
available to perform the action is greater than five times the time required to perform the
action.

— Probability that the emergency diesel generator fails to run for the medium term
(EPS-DGN-FR-FTRM). This probability was changed to 9.0E-4 based on a total mission
time of 1 hour. That is: the value represents 0.5 hours at the failure to run/hour of short
term and 0.5 hours at the failure to run/hour of medium term.

— Probability that the operator fails to recover offsite power in 1 hour (OEP-XHE-
NOREC-1H). This probability was changed to 4.0E-3 as shown in Table 5. The
performance shaping factor for time was given a value of 1.0 since the time available to
perform the action is between two and four times the time required to perform the action.

— Probability that the operator fails to recover offsite power in 2 hours (OEP-XHE-
NOREC-2H). This probability was changed to 4.0E-3 as shown in Table 5. The
performance shaping factor for time was given a value of 1.0 since the time available to
perform the action is between two and four times the time required to perform the action.

— Probability that the operator fails to recover offsite power in 4 hours (OEP-XHE-
NOREC-4H). This probability was changed to 4.0E-4 as shown in Table 5. The
performance shaping factor for time was given a value of 0.1 since the time available to
perform the action is greater than five times the time required to perform the action.

— Probability that the operator fails to recover offsite power in 10 hours (OEP-XHE-
NOREC-10H). This probability was changed to 4.0E-4 as shown in Table 5. The
performance shaping factor for time was given a value of 0.1 since the time available to
perform the action is greater than five times the time required to perform the action.
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Unit 2 cross-tie fails from bus 23-1 (EPS-XHE-BUS-23-1). This event was added to
model the ability of operators to cross connect bus 13-1 to Unit 2 bus 23-1 (see Figure 5).
This event is assumed to be similar to event EPS-XHE-XE-SBO1 (operator fails to align
Unit 1 SBO diesel generator to dead bus), and the nominal human error probability of
1.0E-3 for an action task was used for this event. This basic event does not depend on
the recovery of offsite power to the Unit 2 switchyard.

Unit 2 cross-tie fails from bus 24-1 (EPS-XHE-BUS-24-1). This event was added to
model the ability of operators to cross connect bus 14-1 to Unit 2 bus 24-1 (see Figure 8).
This event is assumed to be similar to event EPS-XHE-XE-SBO2 (operator fails to align
Unit 2 SBO diesel generator to dead bus), and the nominal human error probability of
1.0E-3 for an action task was used for this event. This basic event does not depend on
the recovery of offsite power to the Unit 2 switchyard.

Model update

Changes to the Rev. 3 SPAR model for Quad Cities are as follows:

Fault tree logic for the injection valve in the HPCI system was updated. A modification
was made to the HCI and HC1 fault trees to address the basic event HCI-MOV-CC-
IVFRO, failure of injection valve to reopen. The basis for the modifications is given in the
footnotes to Table 2b. (Updated fault trees are presented in Figures 16 and 17.)

Fault tree logic for the division | and Il electric power systems for both units was updated.
The logic for the station blackout (SBO) buses was revised to remove the ability to supply
the bus with power from the other unit's SBO diesel generator. SBO buses 61 and 71
cannot be tied together if either bus is feeding a 4160 V safety bus. (Updated fault trees
are presented in Figures 5, 6, 8, and 9.)

Alpha factors used to calculate the common-cause failure probability for failure to run for
the motor-driven service water pumps were updated based on guidance provided by
Idaho National Engineering Laboratory. (See Table 6 for the updated alpha factors.)

Alpha factors used to calculate the common-cause failure probability for failure to run for
the RHR motor-driven pumps were updated based on guidance provided by ldaho
National Engineering Laboratory. (See Table 6 for the updated alpha factors.)

Alpha factors used to calculate the common-cause failure probability for the batteries were
updated based on guidance provided by Idaho National Engineering Laboratory. (See
Table 6 for the updated alpha factors.)

The failure rate for batteries and battery chargers was updated based on guidance
provided by ldaho National Engineering Laboratory. (See Table 4 for the updated failure
probabilities.)

These updates are independent of the actual events being analyzed. Bases for the updates
are described in the footnotes to Table 2b or 4.
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° Related events
None
° Sensitivity studies

For selected sequences, credit was given for recovery of shutdown cooling in the long term.
For the initiating event assessment, the nonrecovery value used for SDC-LTERM-NOREC2
was 3.2E-2. This value is two times the value used for nonrecovery of shutdown cooling in
the long term for transient sequences. A sensitivity study was made using a value of 0.16 for
SDC-LTERM-NOREC2. With this change, the CCDP value increases by a factor of 2 to
9.4E-6 (point estimate). Sensitivity results are provided in the following table.

Event tree name Conditional core damage Percentage
Sequence no. probability (CCDP)' contribution
LOOP 09-5 4.5x10° 47.9
LOOP 65 2.4 x10° 25.5
LOOP 62-04-5 9.3x 107 9.9
LOOP 61 7.1x107 7.6
Total (all sequences)? 9.4x10° N/A
Note:

1. Values are point estimates. (File name: GEM 265-01-001 Sensitivity 1-7-2004 134536.wpd).
2. Total CCDP includes all sequences (including those not shown in this table).

o Analysts

Lead Analyst - Bob Christie
Technical Consultant - Michelle Johnson
Technical Reviewer - Leonard Palko
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Table 1. Conditional probabilities associated with the highest probability sequences for
the initiating event assessment.

Event tree name Conditional core damage Percentage
Sequence no. probability (CCDP)' contribution
LOOP 65 2.4E-006° 43.6
LOOP 62-04-5 9.3E-007 16.9
LOOP 09-5 9.0E-007 16.4
LOOP 61 7.1E-007 12.9
Total (all sequences)® 5.5E-006 N/A

Note:

1. Values are point estimates. (File name: GEM 265-01-001 1-7-2004 151731.wpd).
2. No credit was taken for the loss of offsite power deenergizing relays and solenoids.
3. Total CCDP includes all sequences (including those not shown in this table).

Table 2a. Event tree sequence logic for the initiating event dominant sequences.

Event tree Sequence Logic
name no. (“/" denotes success; see Table 2b for TOP event names)
LOOP 65 RPS
LOOP 62-04-5 /RPS /EPS P1 /SSM SPC CSS CVS SURVIVE
LOOP 09-5 /RPS /EPS /SRV /RCI2 SPC /DEP SDC CSS CVS
SURVIVE
LOOP 61 /RPS /EPS /SRV RCI2 HCI SSM DEP CRD

10
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Table 2b. Definitions of TOP events listed in Table 2a.

TOP event Definition
CRD' Insufficient CRD flow to RCS
CSS Containment spray mode of residual heat removal (RHR) system fails
cvs' Containment venting fails
DEP Manual depressurization fails
EPS Emergency EPS fails
HCI? HPCI fails to provide sufficient flow to reactor vessel

P1 One SRV fails to close

RCI2 RCIC fails to provide sufficient flow to reactor vessel during LOOP
RPS Reactor shutdown fails
SDC Shutdown cooling mode of residual heat removal system fails
SPC Suppression pool cooling mode of residual heat removal system fails
SRV One or more safety relief valves fail to close
SSM Safe shutdown makeup system is unavailable

SURVIVE Following containment failure, equipment survivability fails

Notes:

1.

2.

Changes were made to the fault tree for the LOOP FLAG sets to allow setting loss of power to the various
divisions of electric power.

Fault tree logic for the injection valve in the HPCI system was updated. A modification was made to the HCI and
HC1 fault trees to address the basic event HCI-MOV-CC-IVFRO, failure of injection valve to reopen. This single
basic event in the two fault trees was replaced by an AND gate with three basic events feeding the AND gate.
(See gate HC1-10 in Figure 16 and gate HCI-10 in Figure 17.) This modification was made to consider the
possibility of multiple injections of water into the reactor coolant system by the HPCI system.

11
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Table 3. Conditional cut sets for LOOP sequences.

Percent
CCDP' contribution Minimal cut sets?
Event Tree: LOOP Sequence 65
1.7x10° 69.7 RPS-SYS-FC-PSOVS?
3.8 x107 15.6 RPS-SYS-FC-RELAY?
2.5 x 107 10.2 RPS-SYS-FC-CRD
2.4x10° Total*
Event Tree: LOOP Sequence 62-04-5

7.9E-007 84.9 PPR-SRV-OO-1VLV ~ CVS-XHE-XE-VENT2

RHR-XHE-XM-ERROR
9.4 x 107 Total*

Event Tree: LOOP Sequence 09-5

7.9E-007 87.3 ISRV CVS-XHE-XE-VENT2

RHR-XHE-XE-ERROR SDC-LTERM-NOREC2
9.0 x 107 Total*

Event Tree: LOOP Sequence 61

1.8E-007 25.2 ISRV DCP-BAT-CF-ALL
8.7E-008 12.2 ISRV DCP-XHE-XE-BCH2A

DCP-BDC-LP-BUS1A
7.1x107 Total*

Total all sequences (including those not shown) = 5.5 x 10°®

Notes:

1. Values are point estimates.

2. See Table 4 for definitions and probabilities for the basic events.
3. No credit was taken for the loss of offsite power deenergizing relays and solenoids.
4. Total CCDP includes all cut sets (including those not shown in this table).

12
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Table 4. Definitions and probabilities for modified or dominant basic events.

Probability/
Event name Description Frequency Modified
ACP-XHE-NOREC-30 Operator fails to recover ac electrical power 1.0E-1 Yes'
before 30 minutes
ACP-XHE-NOREC-90 Operator fails to recover ac electrical power 1.0E-2 Yes'
before 90 minutes
ACP-XHE-NOREC-4H Operator fails to recover ac electrical power 1.0E-3 Yes'
before 4 hours
ACP-XHE-NOREC-BD Operator fails to recover ac electrical power 1.0E-3 Yes'
before battery depletion - 4 hours
CVS-XHE-XE-VENT2 Dependent operator action - fails to vent 5.1E-2 No
containment given operator fails to
start/control RHR
DCP-BAT-CF-ALL Batteries fail from common-cause 1.9E-7 Yes??
DCP-BAT-LP-250U1 Unit 1 250 V dc battery fails 2.4E-5 Yes®
DCP-BAT-LP-250U2 Unit 2 250 V dc battery fails 2.4E-5 Yes®
DCP-BAT-LP-U1 Unit 1 125 V dc battery fails 2.4E-5 Yes®
DCP-BAT-LP-U2 Unit 2 125 V dc battery fails 2.4E-5 Yes®
DCP-BCH-CF-250ALL 250 Vdc battery chargers fail from common- 6.6E-8 Yes?
cause
DCP-BCH-CF-CHRS Battery chargers fail from common-cause 4.7E-8 Yes?
DCP-BCH-FC-250U1 Unit 1 250 V dc battery charger 1 fails 2.4E-5 Yes®
DCP-BCH-FC-250U12 ;Jrlmlit 1 250 V dc standby battery charger 72 2.4E-5 Yes®
ails
DCP-BCH-FC-BCH1 Unit 1 125 V dc battery charger 1 fails 2.4E-5 Yes®
DCP-BCH-FC-BCH1A Unit 1 125 V dc standby battery charger fails 2.4E-5 Yes®
DCP-BCH-FC-BCH2 Unit 2 125 V dc battery charger 2 fails 2.4E-5 Yes®
DCP-BCH-FC-BCH2A Unit 2 125 V dc standby battery charger fails 2.4E-5 Yes®
DCP-BDC-LP-BUS1A Division | 125 Vdc bus 1A fails 9.0E-5 No
DCP-XHE-XE-BCH2A Operator fails to place standby battery 1.0E-3 No
charger in service
EPS-DGN-FR-FTRL Diesel generator fails to run, 14 to 24 hours 0.0 Yes*
EPS-DGN-FR-FTRM Diesel generator fails to run, 0.5 to 14 hours 9.0E-4 Yes*
EPS-XHE-XE-BUS-23-1 Unit 2 cross-tie fails from bus 23-1 1.0E-3 Yes®
EPS-XHE-XE-BUS-24-1 Unit 2 cross-tie fails from bus 24-1 1.0E-3 Yes®
HCI-MOV-IVFRO HPCI injection valve fails to reopen 2.0E-1 Yes®
HCI-MULTIPLE-INJECT Probability of multiple HPCI injections 1.2E-1 Yes®
HCI-XHE-XL-INJECT Operator fails to recover HPCI injection valve 8.3E-1 Yes®

reopening

13
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Table 4. Definitions and probabilities for modified or dominant basic events (cont’d).

Probability/

Event name Description Frequency Modified
IE-LOOP Loss of offsite power initiator 1.0 Yes’
OEP-XHE-NOREC-1H Operator fails to recover offsite power in 1 4.0E-3 Yes'

hour
OEP-XHE-NOREC-2H Operator fails to recover offsite power in 2 4.0E-3 Yes'
hours
OEP-XHE-NOREC-4H Operator fails to recover offsite power in 4 4.0E-4 Yes'
hours
OEP-XHE-NOREC-10H Operator fails to recover offsite power in 10 4.0E-4 Yes'
hours
PPR-SRV-O0-1VLV One SRV fails to close 3.1E-2 No
RHR-XHE-XM-ERROR Operator fails to start/control RHR 5.0E4 No
RPS-SYS-FC-CRD Control rod drive mechanical failure 2.5E-7 No
RPS-SYS-FC-PSOVS HCU scram pilot SOVs fail 1.7E-6 No
RPS-SYS-FC-RELAY Trip system relays fail 3.8E-7 No
SDC-LTERM-NOREC2 Operator fails to recover SDC cooling in the 3.2E-2 Yes®
long term

Notes:

1.

2.
3.

human error probability calculations.

Common-cause probability values automatically calculated by GEMS.
Battery and battery charger failure rate was updated to 1.0E-6/hour, based on guidance provided by Idaho

Based on human factor evaluation, assuming offsite power is available at time = 0.0 from Unit 1. See Table 5 for

National Engineering Laboratory from NUREG/CR-4550, Table 8.2-8. (Ref. 3). Failure probability of 2.4E-5
based on 24-hour mission time.

Diesel generator failure to run probability is based on a total mission time of 1 hour.

This event was added to model the ability of operators to cross connect division | bus 13-1 to Unit 2 bus 23-1 and
division Il bus 14-1 to Unit 2 bus 24-1 (see text and Figure 5 and Figure 8). This event involves different operator
action than the operator actions to recover offsite power at Unit 2.

Basic events added to fault trees HCI and HC1 to model multiple HPCI injections based on guidance provided by
Idaho National Engineering Laboratory.

Initiating event frequency changed to model the event being analyzed (see text).

Recovery of shutdown cooling in the long term is credited (see text).
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Table 5. Human factor evaluation of recovery of ac electrical power.

Adjusted
Recovery event Time Stress Complex Procedure Nominal value
LOOP Sequences
OEP-XHE-NOREC-1H 1 2 2 1.0E-3 4.0E-3
OEP-XHE-NOREC-2H 1 2 2 1.0E-3 4.0E-3
OEP-XHE-NOREC-4H 0.1 2 2 1.0E-3 4.0E-4
OEP-XHE-NOREC- 0.1 2 2 1.0E-3 4.0E-4
10H
SBO Sequences
ACP-XHE-NOREC-30 10 5 2 1.0E-3 1.0E-1
ACP-XHE-NOREC-90 1 5 2 1.0E-3 1.0E-2
ACP-XHE-NOREC-4H 0.1 5 2 1.0E-3 1.0E-3
ACP-XHE-NOREC- 0.1 5 2 1.0E-3 1.0E-3
BD
Table 6. Revised alpha factors for common-cause failure events.
Distribution
Event name Event description Probability parameter
DCP-BAT-LP-02A01 250 Vdc battery alpha factor 1 for 2 0.9901068 1.26E+00
trains
DCP-BAT-LP-02A02 250 Vdc battery alpha factor 2 for 2 9.89E-03 1.26E+02
trains
DCP-BAT-LP-04A01 125 Vdc battery alpha factor 1 for 4 0.983541 4.61E+00
trains
DCP-BAT-LP-04A02 125 Vdc battery alpha factor 2 for 4 1.09E-02 2.77E+02
trains
DCP-BAT-LP-04A03 125 Vdc battery alpha factor 3 for 4 4.29E-03 2.79E+02
trains
DCP-BAT-LP-04A04 125 Vdc battery alpha factor 4 for 4 1.24E-03 2.79E+02
trains
ESW-MDP-FR-03A01 Diesel service water motor-driven pump 0.9676124 2.41E+01

alpha factor 1 for 3 trains (fails to run)
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Table 6. Revised alpha factors for common-cause failure events (cont’d).

LER 265/01-001

Distribution
Event name Event description Probability parameter
ESW-MDP-FR-03A02 Diesel service water motor-driven pump 1.38E-02 7.34E+02
alpha factor 2 for 3 trains (fails to run)
ESW-MDP-FR-03A03 Diesel service water motor-driven pump 1.86E-02 7.31E+02
alpha factor 3 for 3 trains (fails to run)
MCW-MDP-FR-03A01 Circulating water motor-driven pump 0.9676124 2.41E+01
alpha factor 1 for 3 trains (fails to run)
MCW-MDP-FR-03A02 | Circulating water motor-driven pump 1.38E-02 7.34E+02
alpha factor 2 for 3 trains (fails to run)
MCW-MDP-FR-03A03 | Circulating water motor-driven pump 1.86E-02 7.31E+02
alpha factor 3 for 3 trains (fails to run)
RHR-MDP-FR-04A01 RHR motor-driven pump alpha factor 1 0.9917641 3.37E+00
for 4 trains (fails to run)
RHR-MDP-FR-04A02 RHR motor-driven pump alpha factor 2 6.70E-03 4.06E+02
for 4 trains (fails to run)
RHR-MDP-FR-04A03 RHR motor-driven pump alpha factor 3 9.90E-04 4.08E+02
for 4 trains (fails to run)
RHR-MDP-FR-04A04 RHR motor-driven pump alpha factor 4 5.45E-04 4.08E+02
for 4 trains (fails to run)
RHR-MDP-FS-04A01 RHR motor-driven pump alpha factor 1 0.9721242 6.89E+00
for 4 trains (fails to start)
RHR-MDP-FS-04A02 RHR motor-driven pump alpha factor 2 2.53E-02 2.41E+02
for 4 trains (fails to start)
RHR-MDP-FS-04A03 RHR motor-driven pump alpha factor 3 1.69E-03 2.47E+02
for 4 trains (fails to start)
RHR-MDP-FS-04A04 RHR motor-driven pump alpha factor 4 9.03E-04 2.47E+02
for 4 trains (fails to start)
SSW-MDP-FR-04A01 RHR service water motor-driven pump 0.9692023 3.07E+01
alpha factor 1 for 4 trains (fails to run)
SSW-MDP-FR-04A02 RHR service water motor-driven pump 1.35E-02 9.83E+02
alpha factor 2 for 4 trains (fails to run)
SSW-MDP-FR-04A03 RHR service water motor-driven pump 4.28E-03 9.92E+02
alpha factor 3 for 4 trains (fails to run)
SSW-MDP-FR-04A04 RHR service water motor-driven pump 1.31E-02 9.83E+02
alpha factor 4 for 4 trains (fails to run)
SWS-MDP-FR-05A01 Service water motor-driven pump alpha 0.9710674 3.64E+01

factor 1 for 5 trains (fails to run)
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Table 6. Revised alpha factors for common-cause failure events (cont’d).

Distribution
Event name Event description Probability parameter
SWS-MDP-FR-05A02 Service water motor-driven pump alpha 1.19E-02 1.24E+03
factor 2 for 5 trains (fails to run)
SWS-MDP-FR-05A03 Service water motor-driven pump alpha 5.10E-03 1.25E+03
factor 3 for 5 trains (fails to run)
SWS-MDP-FR-05A04 Service water motor-driven pump alpha 1.99E-03 1.25E+03
factor 4 for 5 trains (fails to run)
SWS-MDP-FR-05A05 Service water motor-driven pump alpha 9.99E-03 1.24E+03
factor 5 for 5 trains (fails to run)
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Attachment A
Electrical Power Recovery Model

e Background

The time required to restore offsite power to plant emergency equipment is a significant
factor in modeling the CCDP given a loss of offsite power (LOOP). SPAR models for LOOP
and station blackout (SBO) include various sequence-specific ac power recovery factors that
are based on the time available to recover power to prevent core damage. For a sequence
involving failure of all of the reactor cooling sources, only about 30 minutes would be
available to recover power to help avoid reactor core damage. On the other hand, for
sequences involving successful early inventory control and decay heat removal, but failure
of long-term decay heat removal, several hours to recover ac power prior to reactor core
damage would be available.

Failure to recover offsite power to plant safety-related electrical loads (if needed because
EDGs fail to supply the loads), given recovery of power to the switchyard, could result from
(1) operators failing to restore proper breaker line-ups, (2) breakers failing to close on
demand, or (3) a combination of operator and breaker failures. The dominant contributor to
failure to recover offsite power to plant safety-related loads in this situation is operators
failing to restore proper breaker line-ups. The SPAR human error model was used to
estimate nonrecovery probabilities as a function of time following restoration of offsite power
to the switchyard. The best estimate analysis assumes that at least 30 minutes is
necessary to restore offsite power to emergency buses given offsite power is available at
time T =0.0.

e Human error modeling

The SPAR human error model generally considers the following three factors:

- Probability of failure to diagnose the need for action

- Probability of failure to successfully perform the desired action

- Dependency on other operator actions involved in the specific sequence of interest

This analysis assumes no probability of failure to diagnose the need to recover ac power
and no dependency between operator performance of the power recovery task and any
other task the operators may need to perform. Thus, each estimated ac power nonrecovery
probability is based solely on the probability of failure to successfully perform the desired
action.

The probability of failure to perform an action is the product of a nominal failure probability
(1.0 x 10%) and the following eight performance shaping factors (PSFs):

- Available time

- Stress

- Complexity

- Experience/training

- Procedures

- Ergonomics

- Fitness for duty

- Work processes
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For each ac power nonrecovery probability, the PSF for available time is assigned a value of
10 if the time available to perform the action is approximately equal to the time required to
perform the action, 1.0 if the time available is between two and four times the time required,
and 0.1 if the time available is greater than or equal to five times the time required. If the
time available is inadequate (i.e., less than the time to restoration of power to the switchyard
plus 1 hour for the best estimate case), the ac power nonrecovery probability is 1.0 (TRUE).

The PSF for stress is assigned a value of 5 (corresponding to extreme stress) for all ac
power SBO nonrecovery probabilities. The PSF for stress is assigned a value of 2
(corresponding to high stress) for all ac power non-SBO nonrecovery probabilities.

For all of the ac power nonrecovery probabilities, the PSF for complexity is assigned a value
of 2 (corresponding to moderately complex) based on the need for multiple breaker
alignments and verifications.

For all of the ac power nonrecovery probabilities, the PSFs for experience/training,
procedures, ergonomics, fitness for duty, and work processes are assumed to be nominal
(i.e., are assigned values of 1.0).

Results

Table 5 presents the calculated values for the ac power nonrecovery probabilities used in
the best estimate case analysis.

19



LER 265/01-001

LOSS OF
OFFSITE
POW ER

REACTOR
SHUTDOWN

EMERGENCY
POWER

SRVS
CLOSE

SAFE
SHUTDOW N
INJECTION

MANUAL
REACTOR
DEPRESS

RD
INJECTION
@ PUMPS)

CORE
SPRAY

LOW PRESS
COOLANT
INJECTION

ALTERNATE
LOW PRESS
INECTION

SUPPRESSION
POOL
©OOLING

MANUAL
REACTOR
DEPRESS

SHUTDOW N
COOLNG

CONTAINMENT

O NTAINMENT
VENTING

CRD
INJECTION
(1PUMP)

LONG TERM
LOWPRESS
INJECTION

[ELOOP

RD

VA

s

# STATE

oK

|
2
3 OK
6
7
B
g

oK

oK
oK
cp

T POSTCTM-INJ
0 oK
1 co
2 oK
B cp

“T POSTCTM-INJ

5 oK

19 cD

1 oK
7 oK

oK
oK
cp

5

POSTCTM-INJ
oK
co
oK
co

o

POSTCTM-INJ
oK

8B BNBRRBRNRS

oK

oK

oK

co

oK

oK

cp

oK
oK

oK
oK
oK
cp
co

88898 8 w8 R

EN

oK

oK

& & & &8

oK

oK
oK
co

8 8 &

co

oK

oK

oK

oK

co
co

oK

oK

oK

888988288

cp
Ll co

eT LOOP-1

o7 LOOP-2

@ T sBo

LOOP - LOSS OF OFFSITE POWER

2003/12/23

Figure 1. Quad Cities Units 1 and 2 loss of offsite power event tree.
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Figure 2. Control rod drive system fault tree (CRD-A).
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