Final Precursor Analysis

Accident Sequence Precursor Program—Office of Nuclear Regulatory Research

Potential Common Mode Failure of All Auxiliary Feedwater

Point Beach 1 and 2 Pumps

ACDP = 6x10™ (Unit 1)

Event Date: 11/29/2001 LER: 266/01-005 ACDP = 7x10* (Unit 2)

Condition Summary

Description. This analysis involves a design deficiency in the auxiliary feedwater (AFW)
pumps air-operated minimum flow recirculation valves. The valves fail closed on loss of
instrument air, which, combined with inadequacies in plant emergency operating procedures,
could potentially lead to pump deadhead conditions and a common mode, hon-recoverable
failure of the AFW pumps (Refs. 1 and 2).

Point Beach Nuclear Plant is a two-unit site served by a shared instrument air system. Each
unit has a turbine-driven AFW pump (pumps 1P29 and 2P29), which can supply water to both
steam generators. Additionally, the plant has two motor-driven AFW pumps (pumps P38A and
P38B), each of which can be aligned to supply water to a steam generator in each unit (see
Figure 1). Each AFW pump has a recirculation line with an air-operated valve that automatically
opens, as necessary, to ensure minimum flow through the pump. The recirculation valves
require instrument air to open, and fail closed on loss of instrument air. Prior to the discovery of
this design deficiency, there were no backup air or nitrogen accumulators associated with these
recirculation valves.

During some plant upset conditions, the AFW system actuates automatically to provide
feedwater flow to the steam generators for decay heat removal. Depending on the event,
overfeeding of the steam generators may occur, resulting in overfilling the steam generators or
overcooling the reactor coolant system (RCS). This overfeeding situation requires AFW flow to
be reduced. One preferred method used at Point Beach for reducing AFW flow is to throttle or
close the AFW pumps' discharge or flow control valves rather than securing the pumps. To
prevent pump deadheading conditions, the pumps’ minimum flow recirculation valves provide a
flow path back to the condensate storage tanks. If a pump's recirculation valve fails closed due
to loss of air to the valve while the pump's discharge or injection valve is closed, the pump
would experience insufficient flow, resulting in pump overheating and damage, possibly within
minutes.

The pressurizer power-operated relief valves (PORVS) are air operated. The original plant
design did not provide for feed and bleed capability using the pressurizer PORVs following a
loss of instrument air. Nitrogen accumulators for the PORVs were strictly for low-temperature-
overpressure-protection concerns during shutdown operations and have been procedurally
isolated during power operations since 1979. Events involving loss of instrument air will also
result in the loss of feed and bleed capability.

Condition duration. The condition has existed at both Point Beach units since original
construction. Because the condition has existed for more than 1 year, the time for the condition
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assessment is 1 year. The period selected for the analysis is from November 30, 2000, to
November 29, 2001, the date of discovery.l

Recovery opportunities. Recovery opportunities examined in this analysis included the
following:

— Restoration of sufficient AFW flow to prevent deadhead damage to the pumps prior to
damaging all AFW pumps

— Recovery of instrument air to a pressurizer PORV to permit feed and bleed cooling
— Recovery of main feedwater given recovery of instrument air pressure

Other conditions, failures, and unavailable equipment. Prior to the discovery of this
condition on November 29, 2001, the utility had installed new orifices in the recirculation lines
for both of the motor-driven AFW pumps (pumps P38A and P38B). Subsequently, the utility
discovered that these orifices may quickly plug if service water, the alternate water supply for
the AFW system, is used. (See Refs. 3 and 4.) In addition, the utility discovered that the
recirculation valves for three of the four AFW pumps were supplied by a common de bus.
Failure of this bus could result in only one motor-driven pump being operable (Ref. 4). Other
design issues are also discussed in the inspection report (Ref. 4). A review of these design
issues determined that they would not significantly change the risk results presented in this
precursor analysis. Therefore, these issues are not included in this analysis but are addressed
in a separate analysis.

Analysis Results
e Importance?
For each unit, the risk significance of the design deficiency in the AFW pumps air-operated

minimum flow recirculation valves is determined by subtracting the nominal core damage
probability (CDP) from the conditional core damage probability (CCDP).

Unit 1 Unit 2
conditional core damage probability (CCDP) - mean 6.3E-04 6.8E-04
nominal core damage probability (CDP) - mean 1.7E-05 1.8E-05
Importance (ACDP):

95th percentile 1.3E-03 1.4E-03
point estimate 7.3E-04 7.9E-04
mean 6.1E-4 6.6E-04
5™ percentile 2.1E-04 1.8E-04

The Accident Sequence Precursor Program limits the conditional assessment of risk to a 1-year period. For the time
period selected, Unit 1 was critical for 7,680 hours and Unit 2 was critical for 8,316 hours.

Since this condition did not involve an actual initiating event, the parameter of interest is the measure of the incremental
increase between the conditional probability for the period in which the condition existed and the nominal probability for
the same period but with the condition nonexistent and plant equipment available. This incremental increase or
"importance” is determined by subtracting the CDP from the CCDP.
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The graph above presents the range of ACDP for Point Beach Units 1 and 2.2 Based on the
mean values, this is an increase of 6.1E-04 to 6.6E-04 over the nominal CDP over the calendar
year selected due to the potential failure of all of the AFW pumps when the pumps' recirculation
valves fail closed and failure of feed and bleed capability following loss of instrument air. (Slight
differences in the results between units are attributed to the differences in operating times
during the 1-year condition period.)

¢ Dominant sequences

The four top sequences are seismic event, loss of service water, loss of offsite power, and
loss of instrument air due to internal failure.

— Seismic event: A seismic event results in non-recoverable damage to the non-
seismically qualified instrument air system. The simplified event tree, shown in Figure 2,
was added to the model to allow for uncertainty calculations.

— Loss of service water: The events and important component failures in loss of service
water Sequence 28 (shown in Figure 3) are:

« postulated total loss of service water affecting both units,
o successful reactor trip,

« failure of the AFW system (due to damage to the AFW pumps resulting from the loss
of instrument air pressure caused by loss of cooling to the air compressors), and

« failure to recover service water cooling to the air compressors, resulting in

— the inability to initiate feed and bleed cooling (due to loss of instrument air to the
pressurizer PORVs) and

— The inability to initiate secondary cooling via the main feedwater system (due to
loss of instrument air to a steam generator atmospheric dump valve and a
feedwater regulating bypass valve).

— Loss of offsite power: The events and important component failures in loss of offsite
power Sequence 18 (shown in Figure 4) are:

o postulated loss of offsite power affecting both units,
o successful reactor trip,
« successful operation of the emergency power system,

« failure of the AFW system (due to damage to the AFW pumps resulting from the
initial loss of instrument air pressure caused by loss of electric power to the air

A constrained non-informative prior was used to quantify industry experience on initiating event frequencies because it
creates a diffuse distribution that accounts for the plant-to-plant variation in system reliability. The prior used a gamma
distribution with a shape parameter (0.5), which causes the posterior mean to fall between the prior mean and the
maximum likelihood estimate. Using this diffuse gamma distribution for initiating event frequencies causes the ACDP
confidence interval to be nearly an order of magnitude and the ACDP point estimate to be higher than the mean.
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compressors and bleed down of air pressure), and

failure of feed and bleed cooling (due to operator failure to initiate feed and bleed
cooling or the failure to recover instrument air).

— Loss of instrument air: The events and important component failures in loss of
instrument Sequence 20 (shown in Figure 5) are:

postulated total loss of instrument air affecting both units,
successful reactor trip,

failure of the AFW system (due to damage to the AFW pumps resulting from the loss
of instrument air pressure), and

failure to recover instrument air pressure, resulting in

— the inability to initiate feed and bleed cooling (due to loss of instrument air to the
pressurizer PORVs) and

— the inability to initiate secondary cooling via the main feedwater system (due to
loss of instrument air to a steam generator atmospheric dump valve and a
feedwater regulating bypass valve).

Results Tables

— The conditional probabilities of the dominant sequences are shown in Table 1.

— The event tree sequence logic for the dominant sequences is provided in Table 2a, and
definitions of top events are provided in Table 2b.

— The conditional cut sets for the dominant sequences are provided in Table 3.

Analysts

— Analysts (ABS Consulting): Michelle Johnson (lead), David Campbell, Charles Mitchell
— NRC technical reviewers: Eli Goldfeiz, James Houghton, Gary DeMoss, Don Marksberry
— ABS Consulting technical review: Leonard Palko

Modeling Details

Assessment Summary

The design deficiency was modeled as an at-power condition assessment with all of the
AFW pumps unavailable for 1 year for only those initiators that would involve loss of
instrument air. These initiators include the following:

e Loss of instrument air (LOIA) caused by internal failures in the instrument air system

o Loss of offsite power (LOOP) to both units

o Loss of service water system (LOSWS) to both units

« Seismic event (LOIASEISMIC)

The Revision 3 standardized plant analysis risk (SPAR) model for Point Beach (Ref. 5) was
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used for this assessment. Event trees and associated fault trees, basic event probabilities,
and initiating event frequencies were modified to reflect the condition being analyzed.
These condition modifications include the following:

Selection of initiators that would involve loss of instrument air, as noted above, including
development of a simplified event tree for a seismic event

Modification of the LOOP initiating event frequency that includes only dual unit LOOPs

Accounting for the failure of all AFW pumps on the loss of instrument air

In addition, the model was modified to reflect updates to the SPAR model. These update
modifications include the following:

Updating initiating event frequencies for LOIA and LOSWS based on recent operating
experience

Modifying the LOIA and LOSWS event trees to include the following:

— New top events to account for the opportunities to recover instrument air and service
water based on the operating experience

— New top events that credit the recovery of secondary cooling in certain sequences

Updating uncertainty distributions for failure probabilities and initiating event frequencies
so that uncertainty analysis can be performed

Modifications to the event tree and fault tree models and the bases for the changes are
summarized below and discussed in detail in the attachments.

Two analyses were performed-one for Unit 1 and one for Unit 2-due to slight differences in
operating time during the 12 months prior to the discovery of the condition.

Sequences of Interest

Initiating events. Because of the vulnerability involving the fail-closed, air-operated
valves on the AFW pumps' recirculation lines, loss of instrument air during AFW
operations could result in total loss of the AFW system. During an initiating event in
which AFW system flow is demanded, instrument air pressure could be lost due to
causes that are independent of the initiating event or due to causes that share some
dependency with the initiating event. It is the latter case that has the greater risk
significance, which this analysis will examine.

The initiating events that result in both a loss of instrument air pressure and reactor trip
are:

e LOIA to both units due to component failures in the instrument air system (e.g.,
compressor failure);

e LOOP to both units that results in loss of electric power to both the instrument air and
service air compressors and loss of air pressure due to usage or bleed down;
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o LOSWS to both units that results in loss of cooling water to both the instrument air
and service air compressors, trip of the compressors on loss of cooling, and loss of
air pressure due to usage or bleed down; and

e aseismic event that results in non-recoverable damage to the nonqualified
instrument air system (e.g., line failure).

Sequence of events. For the four initiating events (LOIA, LOOP, LOSWS, and
LOIASEISMIC) the following sequence of events leads to core damage:

« Initiating event that causes the total loss of instrument air pressure and results in a
manual or automatic reactor trip

For LOIA initiating events, the control room likely receives a low pressure
annunciator alarm (89 psig) as the first alarm, based on operating experience. The
alarm would be expected shortly after the occurrence of the other initiating events

« Secondary cooling lost due to low instrument air pressure to the balance of plant
components (if not already lost due to loss of electric power, service water cooling, or
seismic damage to non-seismic qualified structures and components)

« All AFW pumps feeding the unit (two motor-driven pumps and one turbine-driven
pump) automatically start on low-low steam generator level

« Operators fail to recognize that the recirculation valves are closed upon loss of
instrument air pressure. Instrument air pressure quickly degrades to the point (less
than 40 psig) that the AFW pumps' recirculation valves fail closed (within 8 to 10
minutes)

« Operators choose to throttle or close the discharge valves or flow control valves for
all of the AFW pumps, resulting in deadhead of the AFW pumps. Plant conditions
following the trip require AFW flow to be controlled within 4 minutes (due to
overcooling transient) or 13 minutes (due to steam generator overfilling)

e« All AFW pumps fail within minutes due to deadhead conditions - pumps are not
recoverable

« Operators fail to recover instrument air pressure in time for the initiation of feed and
bleed cooling (within 30 minutes). (The PORVSs, needed for feed and bleed cooling,
are not available because of insufficient instrument air pressure to operate the
valves. For LOIA events, operators must recover failed components in the
instrument air system and recover air pressure within 30 minutes to allow initiation of
feed and bleed cooling. For LOSWS events, operators must recover service water
cooling to the instrument air compressors and recover instrument air pressure within
30 minutes to allow initiation of feed and bleed cooling. For LOOP (non-station
blackout) events, operators must manually restore electric power to the instrument
air or service air compressors and recover instrument air pressure within 30 minutes
to allow initiation of feed and bleed cooling. For seismic events, damage to the
instrument air system is assumed to not be recoverable)
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Or operators fail to initiate short-term cooling (i.e., feed and bleed) or long-term
cooling (i.e., secondary cooling, high-pressure recirculation, residual heat removal
[RHRY])

« Operators fail to recover instrument air pressure in time for recovery of secondary
cooling via main feedwater (within 60 minutes). (Main feedwater is not available due
to loss of electric power, loss of instrument air pressure, and/or loss of service water
flow depending on the initiating event. For LOIA events, operators must recover
failed components in the instrument air system and recover air pressure within 60
minutes to allow recovery of secondary cooling. For LOSWS events, operators must
recover service water and instrument air pressure within 60 minutes to allow
recovery of secondary cooling.)

Or operators fail to initiate long-term cooling (i.e., secondary cooling, high-pressure
recirculation, RHR)

Plant-Specific System and Operational Considerations (Facts)

Details of plant-specific system design and operational considerations are provided in
Attachment 1. These are the facts upon which assumption and model modifications are
based. Details are provided for the following:

AFW system design

Feed and bleed cooling design

Instrument air and service air system designs
Control room indications

Response to loss of instrument air

AFW flow control

Recovery of main feedwater

Important Assumptions

Details of these assumptions are provided in Attachment 2.

Operators fail to recognize that the recirculation valves are closed

Operators close the discharge valves for all of the AFW pumps, resulting in deadheading
of the AFW pumps

No credit for operators detecting pump deadhead conditions (i.e., closed recirculation
valves) and taking corrective actions to protect one or more AFW pumps

No credit for leakage past either the closed recirculation valves or the closed discharge
valves providing adequate flow through the AFW pumps to prevent pump damage

No credit for the recovery of AFW pumps given failure due to deadheading conditions
No credit for the recovery of nitrogen air bottles to the pressurizer PORVs

No credit for the recovery of secondary cooling without instrument air or service water

Modifications to Event Trees and Fault Trees
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— Seismic-induced loss of instrument air. A new event tree (Figure 2) was added to the
model to account for the seismic-induced loss of instrument air. This simplified tree has
one top event with a single pseudo basic event set to TRUE. The tree is based on the
assumption that a seismically induced loss of instrument air event is non-recoverable
and, therefore, would lead directly to core damage (hence the pseudo-event set to
TRUE).

— Loss of instrument air and loss of service water. The LOIA and LOSWS event trees
were modified to include recovery of instrument air, service water, and main feedwater.
Recovery-related changes were made to related event and fault trees, and basic event
non-recovery probabilities. These changes are refinements to the SPAR model;
therefore, these modifications are applied to the base case and change case. Details of
these madifications are provided in the addendum to the Point Beach SPAR Manual
(Attachment 5).

Modifications to Basic Event Failure Probabilities

Table 4 provides the basic event probabilities that were modified for this analysis. Changes
are summarized below.

— Probability of common-cause failure of all AFW pumps (AFW-PMP-CF-ALL). The
common-cause failure probability that all the AFW pumps would fail was set to TRUE for
those sequences in which instrument air would be lost (i.e., LOOP, LOSWS, and LOIA).
This reflects the fact that given a LOOP, LOSWS, or LOIA initiating event, the AFW
pumps would be damaged fairly quickly into the event and would not be recoverable.

— New basic events. New basic events were created for the new top events added to the
LOIA and LOSWS event trees. Details of the failure probability estimates are provided in
the addendum to the Point Beach SPAR Manual (See Attachment 5). These basic
events are also listed in Table 4.

Modifications to Initiating Event Frequencies

Table 41iststhe initiating event frequencies that were modified for this analysis. Changes are
summarized below.

— Loss of offsite power initiating event (IE-LOOP). Because of the design of the
instrument air and service air systems at Point Beach (redundant compressors and
diverse power sources), loss of all four compressors due to a LOOP would only occur if
power were lost to both units. Types of LOOPs that would involve both units include
dual- unit, plant-centered LOOP; grid-related LOOP; and severe weather-related LOOP.
Operating experience data were reviewed to determine the frequency of plant-centered,
dual-unit LOOP; grid-related LOOP; and severe weather-related LOOP. The mean
frequency for IE-LOOP used in both the base case and change case is 8.8E-3/year
(1.0E-6/hour). Details of the frequency calculation and the data used in the estimate are
provided in Attachment 3.

— Seismically induced loss of instrument air (IE-SEISMIC). A seismically induced loss
of instrument air was also considered as a contributor to core damage. A simplified
event tree was created for this purpose (see Figure 2). The safe shutdown earthquake
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for Point Beach is 0.12 g and the operating basis earthquake is 0.06 g. Because the
instrument air system piping design is less robust than ANSI B31.1 piping design, the
instrument air system cannot be assumed to withstand any seismic event greater than
0.06 g, without either performing a seismic analysis of the piping design or conducting
visual inspections of the piping to determine seismic tolerance. Therefore, the return
frequency for seismic events that would result in a loss of instrument air is conservatively
estimated at 3.1E-4/yr (3.5E-8/hour) based on the lowest estimated ground acceleration
value (50 cm/sec? or 0.05 g) at Point Beach from NUREG/CR-1488, Revised Livermore
Seismic Hazard Estimates for 69 Nuclear Power Plant Sites East of the Rocky
Mountains (Ref. 6). The mean frequency for this acceleration is 3.1E-4/yr. As the
lowest site-specific value found in NUREG/CR-1488, this frequency is more appropriate
than arbitrarily selecting the design basis earthquake, because no design value exists for
instrument air system piping. The frequency of seismically induced core damage events
for the base case is taken from the IPEEE (Ref. 7). The base case frequency is 1.5E-
05/yr.

Loss of instrument air (IE-LOIA) and loss of service water (IE-LOSWS) initiating
events. The initiating event frequencies for IE-LOIA and IE-LOSWS were updated using
recent operating experience. In both cases, total losses (to both units) are of interest
because both systems are shared between units. Details of the frequency updates and
the data used in the estimate are provided in the addendum to the Point Beach SPAR
Manual (See Attachment 5).

Initiating event frequency changes to eliminate unaffected sequences. Initiating
events IE-LDCO1, IE-LLOCA, IE-MLOCA, IE-SLOCA, IE-LOCCW, IE-RHR-DIS-V, IE-
RHR-SUC-V, IE-STGR, IE-SI-CLDIS-V, IE-SI-HLDIS-V, and IE-TRANS were set to
FALSE in the base case and the change case to reflect the condition being analyzed.
The sequences associated with these initiating events have no shared dependencies
with loss of instrument air; therefore, including them in the CDP and CCDP calculations
with the common-cause failure of all AFW pumps (AFW-PMP-CF-ALL) to TRUE is not
appropriate.

Furthermore, because the condition being analyzed does not impact the SPAR change
case for these other initiating events (i.e., the base case and change case are identical),
there is no contribution to the delta CDP importance measure from these initiating
events. Therefore, all accident sequences associated with these initiating events were
removed from the GEM calculations by setting the frequencies for these initiators to
FALSE in both the base and change cases.

Sensitivity Study- Potential Common-Mode Failure of All Auxiliary Feedwater Pumps

Several sensitivity studies were performed to determine the effects of key assumptions on
the ACDP. These studies included the following cases: (1) varying likelihood that all AFW
pumps would be failed on loss of recirculation flow, (2) varying the initiating event
frequencies, and (3) reducing the likelihood that operators would fail to initiate feed and
bleed cooling. As the results show (point estimate values for Unit 1), these sensitivity
studies did not cause the ACDP to fall outside the bounds of the 5th and 95th percentile of
the best estimate.

Failure of the AFW pumps. In the condition assessment, it was assumed that, early in
the event, operators would throttle the discharge flow for all of the AFW pumps, resulting
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in the pumps operating in deadhead conditions. This would quickly lead to pump failure.
Several sensitivity cases were run varying the likelihood that operators would detect
pump deadhead conditions and respond quickly enough to save at least one AFW

pump.

— Initiation of feed and bleed cooling. For LOOP sequences, failure of the operator to
initiate feed and bleed cooling is an important event. The probability for this event was
derived using the human error worksheet. In the worksheet, the nominal failure
probability for human action is 1.0E-3. Several sensitivity cases were run varying the
failure probability for human action.

— Loss of instrument air and loss of service water. The initiating event frequencies for
loss of instrument air and loss of service water were estimated using operating
experience data (see Attachment 5). For both events, a gamma distribution was
assumed and the mean value was used in the condition assessment for the event's
frequency. Sensitivity cases were run using the 5th and 95th percentile values for the
distributions as the event's frequency.

— Seismic event. For the condition assessment, the instrument air system was assumed
to be unable to withstand any seismic event greater than the operating basis earthquake
(0.06 g). The return frequency for seismic events that would result in a loss of
instrument air is conservatively estimated at 3.1E-4/yr (3.5E-8/hour), based on a ground
acceleration value of 50 cm/sec2 or 0.05 gat Point Beach from NUREG/CR-1488 (Ref.
6). The IPEEE for Point Beach identified the plant high confidence of a low probability of
failure (HCLPF) capacity to be 0.16 g (Ref. 7). A sensitivity case was run using the
return frequency for 0.15 g, nearest peak ground acceleration given in NUREG/CR-1488

(Ref. 6).
. Importance® L
Basic Event Value (ACDP) Description
Failure of AFW Pumps
10 7 3E-04 Value used in condition assessment. Assumes all
AEW-PMP-CE-ALL - AFW pumps fail when run in deadhead conditions
Common cause failure 0.75 6.1E-04 25% chance at least one AFW pump survives
of all AFW pumps 0.5 5.0E-04  [50% chance at least one AFW pump survives
0.1 3.1E-04 90% chance at least one AFW pump survives
Initiation of Feed and Bleed Cooling
Probability derived using human error worksheet.
2.0E-02 7.3E-04 (Nominal failure probability for human action
HPI-XHE-XM-FB - is1.0E-3.) Value used in condition assessment
Operator fails to initiate Assumes nominal failure probability for human
feed and bleed cooling 2.0E-03 58E-04 | ction is 1.0E-4
2 OE-04 5 7E-04 Ass_um_es nominal failure probability for human
action is 1.0E-5

10
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. Importancel -
Basic Event Value (ACDP) Description
Loss of Instrument Air
9.0E-07/hr 7.3E-04 Mean. Value used in condition assessment
IE-LOIA 3.54E-09/hr 6.0E-04 Lower bound (5%)
3.4E-06/hr 1.1E-03 Upper bound (95%)
Loss of Service Water
4.5E-08/hr 7.3E-04 Mean. Value used in condition assessment
IE-LOSWS 1.83E-10/hr 5.6E-04 Lower bound (5%)
1.71E-07/hr 1.2E-03 Upper bound (95%)
Loss of Electric Power
1.0E-06/hr 7.3E-04 Mean. Value used in condition assessment
IE-LOOP 4.0E-09/hr 5.6E-04 Lower bound (5%)
3.9E-06/hr 1.2E-03 Upper bound (95%)
Seismic Event
35E-08hr  |7.3E-04 Return frequency for 005 g (Ref. 7). Value used
IE-SEISMIC for change case in condition assessment
7.5E-09/hr  |5.1E-04 Return frequency for 0.15 g (Ref. 7)
Note:

1. Values given for importance (ACDP) are point estimate values for Point Beach Unit 1.

e Other Considerations

In addition to the vulnerability identified in this event, another licensee event report (LER)
identifies a potential for complete loss of AFW flow to Unit 1 due to fires in the AFW pump
room (LER 266/01-006, Ref. 8) that also existed during the same time period. The
likelihood of a damaging fire in the AFW pump room in conjunction with a failure of the fire
sprinkler system is small in comparison to the loss of instrument air initiators. Therefore, fire
effects were not included in this analysis.

References

1. LER 266/01-005, PRA Assessment of Auxiliary Feedwater System Reveals Procedural
Vulnerability Related to Loss of Instrument Air, November 29, 2001 (ADAMS Accession
No. ML020560352).

2. NRC Inspection Reports No. 50-266/01-17 and No. 50-301/01-17, February21, 2002
(ADAMS Accession No. ML020950889).

3. LER 266/02-003, Possible Common Mode Failure of AFW due to Partial Clogging of
Recirculation Orifices, December 29, 2002 (ADAMS Accession No. ML030080291).

4. NRC Inspection Report No. 50-266/02-015 and 50-301/02-015, April 2, 2003 (ADAMS
Accession No. ML03092011280).

11




LER 266/01-005

10.

11.

12.

13.

14,

15.

Scott T. Beck and Robert F. Buell, Standardized Plant Analysis Risk Model for Point
Beach Units 1 and 2, Revision 3, Idaho National Engineering and Environmental
Laboratory, September 2001.

Wisconsin Electric Power Company, Point Beach Nuclear Plant, Individual Plant
Examination of External Events for Sever Accident Vulnerabilities, Summary Report,
1997.

LER 266/01-006, Appendix R Requirements Not Satisfied for Unanalyzed Fire Induced
Damage to the Auxiliary Feedwater System, December 5, 2001 (ADAMS Accession No.
ML020580395).

Wisconsin Electric Power Company, Point Beach Nuclear Plant- Units 1 and 2,
Individual Plant Examination, revised December 1997.

Updated Final Safety Analysis Report for Point Beach.

Wisconsin Electric Power Company, Point Beach Nuclear Plant Critical Safety
Procedure, CSP-H.1, "Response to Loss of Secondary Heat Sink," Rev. 21 (Unit 1),
Rev. 22 (Unit 2), 4/26/2001.

C. L. Atwood, et al., Evaluation of Loss of Offsite Power Events at Nuclear Power Plants:
1980-1996, NUREG/CR-5496, U.S. Nuclear Regulatory Commission, Washington, DG,
November 1998.

C. L. Atwood, "Constrained Non-informative Priors in Risk Assessment," Journal of
Reliability Engineering and System Safety, Vol. 53, Issue 1, pp. 37-46, 1996.

Dockets 50-266 and 50-301, Monthly Operating Reports, Point Beach Nuclear Power
Plant, Units 1 and 2 (for the calendar month of December 2000), January 8, 2001
(ADAMS Accession No. ML010180121).

Dockets 50-266 and 50-301, Operating Licenses DPR-24 and DPR-27, Point Beach
Nuclear Power Plant, Units 1 and 2, Monthly Operating Reports (for the calendar month
of November 2001), December 7, 2001 (ADAMS Accession No. ML020150475).

Dockets 50-266 and 50-301, Point Beach Nuclear Plant, Units 1 and2, Review of
Preliminary Accident Sequence Precursor Analysis of November 2001 Operational
Condition (TAC No. MB7832), letter from A J. Cayia, Site Vice President, Nuclear
Management Company, LLC, to the U.S. Nuclear Regulatory Commission, dated May
19, 2003 (ADAMS Accession No. ML0314902530).

12



LER 266/01-005

Table 1. Conditional probabilities associated with the dominant sequences (Unit 2).*

Event Tree Sequence Dgﬂgg%?gl)ggﬁﬁy Core Damage , Importance

Name No. (CCDP)Z Probability (CDP) (ACDP)
LOIASEISMIC 2 2.9E-04 1.4E-05 -
LOSWS 28 1.9E-04 4.8E-06 -
LOOP 18 1.7E-04 6.2E-07 -
LOIA 20 1.0E-04 1.4E-07 -

Total (all sequences)”

Point Estimate 8.1E-04 2.1E-05 7.9E-04

Means 6.8E-04 1.8E-05 6.6E-04

95th Percentile® 1.5E-03 4.7E-05 1.4E-03

5th Percentile® 2.2E-05 4.7E-06 1.8E-05

Note:

1. File names: GEM 266-01-005 U1 1-7-2003 174000.wpd (for Unit 1 results) and GEM 266-01-005 U2 1-7-2003

173758.wpd (for Unit 2 results).

2. Core damage probabilities calculated using sequences for only those initiators having a shared dependency with
the loss of instrument air. Core damage probabilities for sequences associated with initiators not having a
shared dependency were not included.

3. Importance is calculated using the total CCDP and total CDP from all sequences. Sequence level importance
measures are not additive.

4. Total CCDP and CDP includes all sequences (including those not shown in this table).

5. Values generated using the uncertainty analysis option in Saphire. Uncertainty method used was Monte Carlo
with 8,000 histories.

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

Event Tree Sequence No Logic
Name q “|("/" denotes success; see Table 2b for top event names)
LOIASEISMIC 2 SEISMIC
LOSWS 28 ﬁ_II_R-REC-SW-ST, IRT, IRCPSL-SWS, AFW, AIR-REC-SW-MT, AIR-REC-SW-
LOOP 18 IRT-L, /EP, AFW, BLEED
LOIA 20 AIR-REC-ST, /IRT, AFW, AIR-REC-MT, AIR-REC-LT
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Table 2b. Definitions of fault trees listed in Table 2a.

AIR-REC-LT

AIR-REC-MT

AIR-REC-ST

AIR-REC-SW-

AIR-REC-SW-

AIR-REC-SW-

AFW

BLEED

EP

RCPSL-SWS

OPERATOR FAILS TO RECOVER INSTRUMENT AIR IN LONG TERM
OPERATOR FAILS TO RECOVER INSTRUMENT AIR IN MEDIUM TERM
OPERATOR FAILS TO RECOVER INSTRUMENT AIR IN SHORT TERM

OPERATOR FAILS TO RECOVER SERVICE WATER (SW) TO INSTRUMENT AIR IN LT
LONG TERM

OPERATOR FAILS TO RECOVER SW TO INSTRUMENT AIR IN MEDIUM TERM MT
OPERATOR FAILS TO RECOVER SW TO INSTRUMENT AIR IN SHORT TERM ST
NO OR INSUFFICIENT AUXILIARY FEEDWATER FLOW

FAILURE TO PROVIDE BLEED PORTION OF FEED AND BLEED COOLING SEISMIC
EVENT

EMERGENCY POWER SYSTEM FAILURES

REACTOR COOLANT PUMP SEALS INTACT GIVEN LOSS OF SERVICE WATER

RT REACTOR FAILS TO TRIP DURING TRANSIENT

RT-L REACTOR FAILS TO TRIP DURING LOSS OF OFFSITE POWER
Table 3. Conditional cut sets for dominant sequences (Unit 2).
CCDP coE?rri%irt]iton Minimal cut sets1
Event Tree: LOIASEISMIC, Sequence 2
2.9E-04 100 SEISMIC
Event Tree: LOSWS, Sequence 28
1.9E-04 100 AIR-XHE-RECOVERY-SW-ST AIR-XHE-RECOVERY-SW-MT
AIR-XHE-RECOVERY-SW-LT
Event Tree: LOOP, Sequence 18
1.7E-04 98.9 HPI-XHE-XM-FB
Event Tree: LOIA, Sequence 20
1.0E-04 100 AIR-XHE-RECOVERY-ST AIR-XHE-RECOVERY-MT
AIR-XHE-RECOVERY-LT
Note:

1. See Table 4 for definitions and probabilities for the basic events.
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Table 4. Definitions and probabilities for modified or dominant basic events.

Event Name Description I'D:robablllty/ Modified
requency
IACP-XHE-NOREC- OPERATOR FAILS TO RECOVER OFFSITE 0.36 YES
BD POWER BEFORE BATTERY DELETION
AFW-PMP-CF-ALL COMMON-CAUSE FAILURE OF AFW PUMPS TRUE YES®
AIR-XHE- OPERATOR FAILS TO RECOVER INSTRUMENT 0.14 NEW?**
RECOVERY-LT AIR IN LONG TERM GIVEN FAILURE TO RECOVER
IN MEDIUM TERM
AIR-XHE- OPERATOR FAILS TO RECOVER INSTRUMENT 0.17 NEW?**
RECOVERY-MT AIR IN MEDIUM TERM GIVEN FAILURE TO RECOVER
IN SHORT TERM
AIR-XHE- OPERATOR FAILS TO RECOVER INSTRUMENT 0.58 NEW?
RECOVERY-ST AIR IN SHORT TERM
AIR-XHE- OPERATOR FAILS TO RECOVER SW TO 0.68 NEW?**
RECOVERY-SW-LT INSTRUMENT AIR IN LONG TERM GIVEN FAILURE
TO RECOVER IN MEDIUM TERM
AIR-XHE- OPERATOR FAILS TO RECOVER SW TO 0.83 NEW?**
RECOVERY-SW-MT INSTRUMENT AIR IN MEDIUM TERM GIVEN
FAILURE TO RECOVER IN SHORT TERM
AIR-XHE- OPERATOR FAILS TO RECOVER SW TO 0.88 NEW?
RECOVERY-SW-ST INSTRUMENT AIR IN SHORT TERM
HPI-XHE-XM-FB OPERATOR FAILS TO INITIATE FEED AND 2.0E-02 NO
BLEED COOLING
IE-LDCO1 LOSS OF DC BUS INITIATING EVENT FALSE YES®
IE-LLOCA LARGE LOSS-OF-COOLANT ACCIDENT (LOCA) FALSE YES®
INITIATING EVENT
IE-LOCCW LOSS OF COMPONENT COOLING WATER FALSE YES®
(LOCCW) INITIATING EVENT
IE-LOIA LOSS OF INSTRUMENT AIR INITIATING EVENT 9.0E-07/hr YES!
IE-LOOP LOSS OF OFFSITE POWER INITIATING EVENT 1.0E-06/hr YES®
IE-LOSWS LOSS OF SERVICE WATER INITIATING EVENT 4.5E-08/hr YES?
IE-MLOCA MEDIUM LOCA INITIATING EVENT FALSE YES®
IE-RHR-DIS-V RHR DISCHARGE VALVE INTERSYSTEM LOCA FALSE YES®
(ISLOCA) INITIATING EVENT
IE-RHR-SUC-V RHR SUCTION VALVE ISLOCA INITIATING EVENT FALSE YES®
IE-SI-CLDIS-V SAFETY INJECTION (SI) COLD LEG ISLOCA FALSE YES®
INITIATING EVENT
IE-SI-HLDIS-V SI HOT LEG ISLOCA INITIATING EVENT FALSE YES®
IE-SEISMIC SEISMICALLY INDUCED LOSS OF INSTRUMENT 1.7E-09/hr YES'
AIR (base)
3.5E-08/hr
(change)
IE-SLOCA SMALL LOCA INITIATING EVENT FALSE YES®
IE-STGR STEAM GENERATOR TUBE RUPTURE INITIATING FALSE YES5

EVENT
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Event Name Description ProoEler 5 Modified
Frequency

IE-TRANS TRANSIENT INITIATING EVENT FALSE YES®

RCS-MDP-SEALS REACTOR COOLANT PUMP (RCP) SEALS FAIL 0.22 YES!
W/O COOLING AND INJECTION

RCS-MDP-SEALS2 RCP SEALS FAIL W/O COOLING AND INJECTION 0.22 YES!
GIVEN LOSWS OR LOCCW

Notes:

1. Basic event/initiating event frequency to the base case model updated. See Attachment 5 for details.

2. Event changed to reflect event being analyzed.

3. Basic event added to update base case model. See Attachment 5 for detalils.

4. Conditional probability.

5. Initiating event frequencies were set to FALSE in the base case and the change case to reflect the condition

being analyzed. The sequences associated with these initiating events have no shared dependencies with loss
of instrument air; therefore, including them in the CDP and CCDP calculations with the common-cause failure of
all AFW pumps (AFW-PMP-CF-ALL) to TRUE is not appropriate.

Initiating event frequency updated for event being analyzed. See Attachment 3 for event analysis and frequency
calculation.

Initiating event frequency updatgd for event being analyzed. The return frequency for seismic events that would
result in a loss of instrument air is conservatively estimated at 3.1E-4/yr based on the lowest estimated ground
acceleration value (50 cm/seczat Point Beach from NUREG/CR-1488, Revised Livermore Seismic Hazard
Estimates for 69 Nuclear Power Plant Sites East of the Rocky Mountains (Ref. 6). Base case value of 1E-09/hr
(1.5E-05/yr) was taken from Point Beach Units 1 and 2 Individual Plant Examination (Ref. 9).
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Figure removed during SUNSI review

Figure 1 AFW System Simplified Diagram
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LOSS OF 1A
DUE TO
SEISMIC

IE-SEISMIC |

SEISMIC EVENT

SEISMIC # END-STATE-NAMES
1 OK
2 cD

LOIASEISI‘I.-'IIC:— Point Beach 182 Loss of Instrument Air due to Seismic Event

Figure 2 Seismically Induced Loss of Instrument Air Event Tree
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Figure 3 Loss of Service Water Event Tree

LOSWS - Point Beach 152 PWR B Loss of Service Water
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Figure 4 Loss of Offsite Power Event Tree
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Figure 5 Loss of Instrument Air Event Tree
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Figure removed during SUNSI Review

Figure 6 Instrument Air Simplified Flow Diagram
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Figure removed during SUNSI Review

Figure 7 Service Air Simplified Flow Diagram
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Attachment 1 - Plant-specific System and Operational Considerations

These are the facts upon which assumption and model modifications are based. Details are
provided for the following:

— AFW system design

— Feed and bleed cooling design

— Instrument air and service air system designs
— Control room indications

— Plant response to loss of instrument air

— AFW flow control

— Recovery of main feedwater

Information removed during SUNSI Review

24



LER 266/01-005

Information removed during SUNSI Review
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Information removed during SUNSI Review
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Attachment 2- Details of Important Assumptions

This analysis includes several important assumptions. The assumptions and the bases for
making these assumptions are described below.

o Operators fail to recognize that the recirculation valves are closed. This assumptions
is based on the following:

EOP-0.1, Reactor Trip Response, does not provide any steps to caution the operator
about the damage to AFW pumps during deadheading conditions-pump's minimum flow
recirculating valves closed due to the loss of instrument air and the closure of the AFW
flow control valves.

EOP-0.1, Reactor Trip Response, directed operators to control feedwater flow early in
the procedure. EOP-0.1 was the procedure that operators would use for most
transients. Response not obtained (RNO) column (Step 1.c of the procedure) directed
operators to reduce feed flow if RCS temperatures were less than 547 degrees C)
Fahrenheit (F) and trending lower. Step 4.b directed operators to control feed flow to
maintain steam generator levels between 29% and 69%. RNO (Step 4.b) directed
operators to stop feed flow to intact steam generators if level continued to rise. If
instrument air had been lost, damage would occur to the AFW pumps by these operator
actions to control feedwater flow due to the low-flow conditions created. The team noted
that procedure OM 4.3.1, AOP and EOP Writers' Guide, Step 5.4.2, stated, "A caution is
used to present information regarding potential hazards to personnel or equipment
associated with the subsequent step(s)." The emergency operating procedures steps
did not provide any such cautions prior to November 30, 2001.

The time that the AFW recirculation valves would fail closed due to the loss of instrument
air could vary; however, time is on the order of 10 minutes or less.

Based on discussions with licensee engineering staff, the team determined that the time
that the AFW recirculation valves would fail closed due to loss of instrument air could
vary. The engineering staff had determined that the recirculation valves would begin to
drift shut when instrument air header pressure was reduced to 40 psig and would be fully
closed at 25 psig. The instrument air header pressure was nhominally maintained at 100
psig with some variation due to cycling of air compressors. Based on observations of
instrument air header pressure drop between cycling of air compressors, the engineering
staff determined that the instrument air head pressure would drop approximately 13.5
pounds per square inch in 1 minute under normal loads. The engineering staff
estimated that the AFW recirculation valves would begin to drift shut approximately 6 to
8 minutes after loss of all air compressors with complete valve closure 1 to 2 minutes
thereafter. A loss of instrument air due to a leak in an airline versus a loss of air
compressors would result in different bleed down rates, depending on the size of the
break. Additionally, the instrument air bleed down rate could be faster due to greater
demands on the instrument air system in response to the transient.

The AFW recirculation valves could reposition at a time when an operator's attention
would not be directly focused on the AFW pumps.

Based on discussions between the NRC and licensee personnel, as documented in the
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inspection report (Ref. 2), the preferred method for controlling AFW flow was by throttling
or closing the AFW flow control valves (for the motor-driven AFW pumps) or discharge
valves (for the turbine-driven AFW pumps) rather than securing the pumps. Section
14.1.12, "Loss of All AC Power to the Station Auxiliaries," of the original Final Facility
Description and Safety Analysis Report (FFDSAR)" stated, "The reactor operator in the
control room can monitor the steam generator water level and control the feedwater flow
with remote-operated AFW control valves." The FFDSAR did not discuss securing AFW
pumps as a means to control steam generator levels. In some loss of instrument air
scenarios (e.g., those involving RCS overcooling), the recirculation valves could remain
open at the time that operators throttle or close flow control and discharge valves due to
remaining air header pressure. However, the recirculation valves would subsequently
close due to decreasing air pressure. Consequently, the valves could reposition at a
time when an operator's attention would not be directly focused on the AFW pumps
(Ref. 2).

Abnormal Operating Procedure (AOP)-58, Loss of Instrument Air, had steps that
addressed the recirculating valves; however, the guidance appeared deep into the
procedure.

Procedure AOP-58 provided operators with guidance for loss of instrument air.
However, during these transients, operators would typically be using emergency
operating procedures, such as EOP-0.1, in their initial response to a transient. After
plant conditions stabilized, abnormal operating procedures, such as AOP-58, would be
used to restore equipment. AOP-58 has steps to secure open the AFW pump
recirculation valves. However, guidance on securing open the valves does not appear
until Step 1 of Attachment R, "Auxiliary Feed," located on page 36 of the procedure.
Operators were directed to Attachment R by Step 26 (located on page 14) of the
procedure. Step 26 simply directed operators to check plant systems status per
attachments A through Z. Consequently, although procedure AOP-58 had steps that
addressed the failed closed recirculation valves, operators would likely not reopen the
recirculation valves before damage occurred to the AFW pumps because they would be
following the emergency operating procedures (Ref. 2).

e Operators close the discharge valves for all of the AFW pumps resulting in
deadheading of all AFW pumps. This assumptions is based on the following:

As discussed above, the preferred method for controlling AFW flow was by throttling or
closing the AFW flow control valves (for the motor-driven AFW pumps) or discharge
valves (for the turbine-driven AFW pumps) rather than securing the pumps.

As discussed above, EOP-0.1 did not provide guidance on how to reduce AFW flow.

Operating experience demonstrated that operators would drastically reduce AFW flow
within several minutes of pump start due to RCS overcooling under some transient
conditions.

For example, on June 27, 2001, the Unit 2 reactor was manually tripped due to low and
decreasing water level in the Unit 2 circulating water pump bay (reported in

LER 05000301/2001-002-00). Due to subsequent low steam generator water levels, the
Unit 2 turbine-driven AFW pump and both motor-driven AFW pumps initiated and began
feeding the Unit 2 steam generators. Only one steam generator in a unit nominally

28



LER 266/01-005

requires 200 gpm feedwater flow for decay heat removal. However, with three AFW
pumps running, approximately 800 gpm of feedwater flow (approximately four times the
required flow) was provided to the Unit 2 steam generators. Consequently, the reactor
coolant system was cooled down at an excessive rate. Approximately 3 minutes after
the reactor was tripped, operators closed either the flow control valves or the discharge
valves to stop flow from the motor-driven AFW pumps. Approximately 4 minutes after
the reactor was tripped, operators closed the discharge valves from the Unit 2 turbine-
driven AFW pump, stopping all AFW flow to the steam generators. The AFW pumps
were not secured until approximately 8 minutes after the reactor was tripped when feed
flow using main feedwater was partially restored. In this particular event, the AFW
recirculation valves were functional because instrument air had not been lost. However,
had instrument air not been available, as would happen in transients such as loss of
instrument air, loss of offsite power, and loss of service water events, all AFW pumps
could have been damaged (Ref. 2).

No credit for operators detecting pump deadhead conditions (i.e., closed recirculation
valves) and taking corrective actions to protect one or more AFW pumps. This
assumption is based on the following:

As discussed above, EOP-0.1 does not caution operators about the potential to damage
the AFW pumps during deadhead conditions.

Operators have no indication of flow in the AFW pumps' recirculation lines. Indication is
provided for AFW flow to individual steam generators and flow from each AFW pump.
However, the flow element for each AFW pump is located downstream of where the
recirculation line branches off from the pump's discharge line. Therefore, indications of
little or no flow for the AFW pumps would be expected with the pumps discharge or flow
control valves throttled or closed (Ref. 2).

As discussed above, AOP-58 had steps that address the failed closed recirculation
valves; however, operators would likely not get to these steps until the AFW pumps had
operated in deadhead conditions and damage occurred.

No credit for leakage past either the closed recirculation valves or the closed
discharge or flow control valves providing adequate flow through the AFW pumps to
prevent pump damage.

In 1988, NMC installed modifications to increase the design minimum recirculation flow
for the AFW pumps to 70 gallons per minute (gpm) for the motor-driven pumps and 100
gpm for the turbine-driven pumps. Previously, the minimum recirculation flow was 30
gpm, which the AFW pump vendor, Byron Jackson, indicated would be sufficient to
prevent pump damage, based on pump heat up when on recirculation flow (Ref. 2).
Leakage past the AFW pump's closed recirculation valve or the closed discharge or flow
control valve could provide enough flow to prevent pump damage. However, inclusion of
component failures as success logic in a risk model is typically not done. The failure
probability for an air-operated valve failing to close on demand is 1.0E-3; the failure
probability for a motor-operated valve failing to close on demand is 3.0E-3. The
likelihood that the air- operated flow control valve or air-operated recirculation valve for
one of the motor-driven AFW pumps fails to close on demand or the motor-operated
discharge valve or air- operated recirculation valve for the turbine-driven pump fails to
close is 8.0E-3. Unless leakage past these valves, sufficient to prevent pump damage,
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normally occurs, the likelihood that the valves close when demanded, resulting in pump
deadhead conditions, is 0.992.

No credit for recovery of AFW pumps given failure due to deadheading conditions.
This assumption is based on the following:

The AFW recirculation lines were installed as part of original construction to ensure the
pumps would have a flow path to prevent deadheading the pump, which would damage
the pump. As indicated in the inspection report (Ref. 2), discussions with licensee
engineering staff indicated that a pump could be damaged within minutes under
insufficient flow condition due to lack of cooling.

Damage to the pump and pump seals would be catastrophic.

No credit for the recovery of nitrogen air bottles to the pressurizer PORVs. This
assumption is based on the following:

The pressurizer PORVs are air-operated valves with a backup nitrogen supply.
However, since 1979, the backup nitrogen supply has been isolated, by procedure,
during power operation. A containment entry is required to restore the backup nitrogen
supply. Consequently, upon a loss of instrument air, the PORVs would not be available
(Ref. 2).

Containment entry during any one of the LOIA initiators would not be a normal plant
evolution (would be considered a heroic action). Further, EOP-0.1 and CFP-H.1 do not
provide the steps and cautions for such action.

No credit for recovery of secondary cooling without instrument air or service water.
This assumptions is based on the following:

Critical Safety Procedure (CSP) - H.1, Response to Loss of Secondary Heat Sink,
provides instructions for restoring secondary heat sink (Ref. 11). Because several
valves in the secondary side system are air operated and because specific procedural
guidance for restoring secondary side cooling when instrument air is not available is
NOT provided in CSP-H.1, no credit for recovery of secondary cooling is taken when
instrument air (or service water cooling to the instrument air or service air compressors)
is not available.
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Attachment 3 - LOOP Initiating Event Frequency Estimate

Data sources. For this condition assessment, a frequency estimate for loss of instrument

air due to LOOP events was developed that is based on events identified in NUREG/CR-
5496, Evaluation of Loss of Offsite Power Events at Nuclear Power Plants: 1980- 1996
(Ref. 12), and updated to include LER data through 2002. A search of the Sequence
Coding and Search System database was conducted to select LERs involving failures in the
instrument air system for the years 1997 through 2002. The total time period reviewed is

1987-2002.

Review criteria. Because of the design for the instrument air and service air systems at

Point Beach (redundant compressors and diverse power sources), loss of all four
compressors due to a LOOP will only occur if power is lost to both units. The types of LOOP
events that would involve both units include dual-unit, plant-centered LOOPs; grid-related
LOOPs; and severe weather-related LOOPs. Other review criteria include the following:

— Causes of weather-related and grid-related LOOP events are independent of plant
mode; therefore, both operating and shutdown experience were included.

— LOOP events that occurred when all units at the site were shut down were not included.

— LOOP caused by outage maintenance activity on one shutdown unit (even though the
activity is not performed while the plant is operating) were included. This type of LOOP
will be used to calculate a dual-unit, plant-centered LOOP frequency for the fraction of
time that one unit at Point Beach is shut down.

— Hurricane-related LOOP events were not included.

in Table 3.1 below.

Results. The results of the review of LOOP events during the 1987—2002 period are given

Table 3.1. Events selected for dual-unit LOOP frequency assessment.

LOOP Type No. Events LER(S)
Grid-related 1 395/89-012
“Weather-related 5 333/88-011, 282/96-012, 346/98-006, 302/93-002, and
325/93-008
Dual-unit, plant-centered
Both units operating 2 317/87-012 and 327/92-027
One unit shut down 1 334/93-013

*Exclude: Pilgrim (outlier from NUREG/CR-5496); 2 of 3 events at Crystal River (302/93-002) caused by the same
storm; hurricane events when plant was shut down prior to the hurricane-induced LOOP.
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Industry frequency calculation. The LOOP frequency is estimated by:

FLoop = Farid + Fsevere weather + Fpual
Where,

Feria =frequency of grid-related LOOPs
Fsevere weather =frequency of weather-related LOOPs
Foua = frequency of plant-centered, dual-unit LOOPs

The total operating and shutdown time for all sites (single and multiunit sites) during 1987—
2002 is 1,080 site calendar years, as shown in Table 3.2. The operating and shutdown time
for only multiunit sites during the same time is 570.9 site calendar years. Using the criticality
factor calculated in Table 3.3 of 0.78, the multiunit critical time is 0.78 x 570.9 calendar
years = 445 critical years. Therefore, the mean frequency is:

Ferig = 1/1,018 yr = 9.8E-4/yr or 1.1E-7/hr
Fsevere weather = 5/1,018 yr = 4.9E-3/yr or 5.6E-7/hr
Foua = 3/445 yr = 6.7E-3/yr or 7.7E-7/hr
The industry LOOP frequency (per site calendar year) is:
Filoor = 1.1E-7/hr + 5.6E-7/hr +7.7E-7/hr = 1.4E-6/hr or 1.2E-2/yr

Point Beach plant-specific frequency calculation. In order to obtain a rigorous
probability distribution for F oop @ numeric analysis of each parameter would be required.
Since the number of events controls the uncertainty bounds, a reasonable distribution can
be created from an approximate analysis for the purpose of ASP uncertainty analysis. The
number of LOOP events (nine) and the industry LOOP frequency (1.2E-2/yr) are used to
estimate a pseudo-exposure (732 years) so that a probability distribution can be created to
express the uncertainty in the estimate.

The constrained noninformative prior distribution (Ref. 13) was used. The distribution is
given by:

Gamma(a, ) = Gamma( 0.5,%)

Grid reliability and severe weather frequency vary between plants, so the more diffuse prior
distribution is appropriate. The Gamma distribution parameters (in years) of the prior are
0=0.5 and B=41. Performing a Bayesian update on the above distribution with Point
Beach's 16 operating years without a LOOP event, the mean LOOP frequency for Point
Beach is 8.8E-3/yr or 1.0E-6/hr. The Gamma distribution parameters of the posterior are
0=0.5 and B=57. The 5th percentile of this distribution is 3.5E-5/yr and the 95th percentile is
3.4E-2/yr.

Operating history at Point Beach for the time period from November 30, 2000, to

November 29, 2001 (approximates the condition duration), shows that Unit 1 was critical for
a total of 7,680 hours (for a criticality factor of 0.88) and shut down for a total of 1,080 hours;
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and Unit 2 was critical for a total of 8,316 hours (for a criticality factor of 0.95) and shut down
for a total of 444 hours (Refs. 14 and 15).

Table 3.2. Commercial site calendar years- calendar years 1987-2002."

Multi-unit Sites?

(site calendar years)

All Sites®
(site calendar years)

Plant Name
1987-1995 1996-2002 1987-1995 1996-2002
(9 yrs) 7 yrs) (9 yrs) (7 yrs)

Arkansas 1 9 7
Arkansas 2 9 7 — _
Beaver Valley 1 9 7
Beaver Valley 2 8.4 7 — _
Big Rock Point 9 2
Braidwood 1 8.6 7
Braidwood?2 7.8 7 — _
Browns Ferry 1 — _
Browns Ferry 2 9 7
Browns Ferry 3 9 7 — _
Brunswick 1 9 7
Brunswick?2 9 7 — _
Byron 1 9 7
Byron 2 9 7 — _
Callaway 9 7
Calvert Cliffs 1 9 7
Calvert Cliffs 2 9 7 — _
Catawba 1 9 7
Catawba2 9 7 — _
Clinton 1 8.8 7
Columbia 9 7
Comanche Peak 1 5.8 7
Comanche Peak 2 2.8 7 — —
Cook 1 9 7
Cook 2 9 7

Cooper Station 9 7
Crystal River 3 6 7
Davis-Besse 9 7
Diablo Canyon 1 9 7
Diablo Canyon 2 9 7 — _
Dresden 2 9 7
Dresden 3 9 7 — _
Duane Arnold 9 7
Farley 1 9 ’
Farley2 9 7 — _
Fermi2 9 7
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Multi-unit Sites® All Sites®
(site calendar years) (site calendar years)
Plant Name
1987-1995 1996-2002 1987-1995 1996-2002
(9 yrs) 7 yrs) (9 yrs) (7 yrs)
Fitzpatrick 9 7
Fort Calhoun 9 7
Fort St. Vrain 2.7 0
Ginna 9 7
Grand Gulf 9 7
Haddam Neck 9 1.2
Harris 9 7
Hatch 1 9 7
Hatch 2 9 7 — —
Hope Creek 9 7
Indian Point 2 9 7
Indian Point 3 9 7 — —
Kewaunee 9 7
Lacrosse 0.4 0
LaSalle 1 9 7
LaSalle 2 9 7 —
Limerick 1 9 7
Limerick2 6.4 7 — —
Maine Yankee 9 1.7
McGuire 1 9 7
McGuire 2 9 7 — —
Millstone 1 — —
Millstone 2 9 7
Millstone 3 9 7 — —
Monticello 9 7
Nine Mile Pt. 1 9 7
Nine Mile Pt. 2 8.6 7 — —
North Anna 1 9 7
North Anna2 9 7 — —
Oconee 1 9 7
Oconee 2 — —
Oconee 3 9 7 — —
Oyster Creek 9 7
Palisades 9 7
Palo Verde 1 9 7
Palo Verde 2 9 7 — —
Palo Verde 3 — —
Peach Bottom 2 9 7
Peach Bottom 3 9 7 — —
Perry 9 7
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Multi-unit Sites® All Sites®
(site calendar years) (site calendar years)
Plant Name
1987-1995 1996-2002 1987-1995 1996-2002
(9 yrs) 7 yrs) (9 yrs) (7 yrs)
Pilgrim 9 7
Point Beach 1 9 7
Point Beach 2 9 7 — —
Prairie Island 1 9 7
Prairie Island 2 9 7 — —
Quad Cities 1 9 7
Quad Cities 2 9 7 — —
Rancho Seco 2.4 0
River Bend 9 7
Robinson 2 9 7
Salem 1 9 7
Salem 2 9 7 — —
San Onofre 1 — —
San Onofre 2 9 7
San Onofre 3 9 7 — —
Seabrook 6.6 7
Sequoyah 1 9 7
Sequoyah 2 9 7 — —
South Texas 1 7.8 7
South Texas 2 6.5 7 — —
St. Lucie 1 9 7
St. Lucie 2 9 7 — —
Summer 9 7
Surry 1 9 7
Surry2 9 7 — —
Susquehanna 1 9 7
Susquehanna 2 9 7 — —
Three Mile Island 1 9 7
Trojan 6 0
Turkey Point 3 9 7
Turkey Point 4 9 7 — —
Vermont Yankee 9 7
Vogtle 1 8.8 7
Vogtle 2 6.8 7 — —
Waterford 3 9 7
Watts Bar 1 0 6.6
Wolf Creek 9
Yankee-Rowe 5.2
Zion 1 9 2.4
Zion2 9 1.6 — —
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Multi-unit Sites®
(site calendar years)

All Sites®

(site calendar years)

Plant Name
1987-1995 1996-2002 1987-1995 1996-2002
(9 yrs) 7 yrs) (9 yrs) (7 yrs)

SUBTOTALS 317.3 253.6 618.1 461.9
TOTALS
(site calendar years)

Multiunit sites 570.9

All sites 1080

Notes:

1. Sources: CY 1987-1995 from NUREG/CR-5750; CY 1996-2002 from "Precursors to Potential Severe Core
Damage Accidents-Fiscal Year 1999," Appendix C, ADAMS Accession No. ML0216801631. CY 1996-2002 see

Table 3.4.

2. For site calendar years for multiunit sites, only sites having more than one operating unit were included (single-
unit sites were excluded). Site calendar time was based on time when second unit began operations.

3. For all site calendar years, each site is counted once. For multiunit sites, site calendar time is based on time

when first unit began operations.
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Table 3.3. Industry average criticality factor- calendar years 1987-2001.
Year | 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Critical Hours™?

PWR [ 417775.7) 466182.3 461652.3| 474942.9( 504981.8] 512763.6| 491488.7| 518225.2| 518681.1 515809.3| 463214.3] 499729.5 529114.5]| 538829.8( 546269.5

BWR | 197489.5 199293.3| 204484.8| 231608.8| 230335.2 221641.0| 234735.5| 233389.0| 259566.2| 249177.9| 236965.5| 239544.1| 265672.3 | 277399.2| 276843.9

TOTAL| 615265.2| 665475.6| 666137.1| 706551.7| 735317.0| 734404.6| 726224.2| 751614.2| 778247.3) 764987.2] 700179.8| 739273.6 794786.8| 816229.0| 823113.4

Critical Years'?

PWR 47.69 53.07 52.70 54.22 57.65 58.37 56.11 59.16 59.21 58.72 52.88 57.05 60.40 61.34 62.36

BWR 22.54 22.69 23.34 26.44 26.29 25.23 26.80 26.64 29.63 28.37 27.05 27.35 30.33 31.58 31.60

TOTAL| 70.24 75.76 76.04 80.66 83.94 83.61 82.90 85.80 88.84 87.09 79.93 84.39 90.73 92.92 93.96

Calendar Years®?

TOTAL| 105.34 [ 108.34 110.40 111.89 | 112.00 | 111.37 | 109.91 | 110.00 { 110.00 | 108.50 | 106.50 | 104.20 104.00 104.00 | 104.00

Criticality factor

TOTAL 0.67 0.70 0.69 0.72 0.75 0.75 0.75 0.78 0.81 0.80 0.75 0.81 0.87 0.89 0.90
TOTALS

Critical | Calendar| Criticality,

Years Years Factor
TOTAL| 1256.81| 1620.45 0.78

Notes:

1. Data from Idaho National Engineering and Environmental Laboratory's database (MORP1.DBF) which is based on licensee's monthly operating reports as of
December 2002.

2. Data are included from critical date until permanent shutdown. Ft. St. Vrain critical hours are excluded.

3. Data from NUREG/CR-5750 for CY 1987-1995 (Ref.). Data calculated for CY 1996-2001; see Table 3-4.)
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Table 3.4. Data used to calculate reactor calendar years (CY 1996—2002).

Calendar Days
1996 1997 1998 1999 2000 2001 2002

Decommissioned Defuel
PWRs Date’
San Onofre 1 11/30/92 0 0 0 0 0 0 0
Trojan 11/09/92 0 0 0 0 0 0 0
Haddam Neck 12/5/96 339 0 0 0 0 0 0
Maine Yankee 6/23/97 365 174 0 0 0 0 0
Zion 1 4/28/97 365 118 0 0 0 0 0
Zion 2 2/26/98 365 365 57 0 0 0 0
Initial Startup-PWRs Startin

Date
ComanchePeak2 8/3/93 365 365 365 365 365 365 365
Watts Bar 1 5/27/96 147 365 365 365 365 365 365

Operating-PWRS267 units X 365\ - 1455 | o455 | 24455 | 24455 | 24455 | 24455 24455

days =
Total PWR (reactor calendar 72.33 70.80 | 69.16 | 69.00 | 69.00 69.00 69.00
years)
Decommissioned Defuel
BWRs Date!
Big Rock 9/22/97 365 264 0 0 0 0 0
Millstone 1 11/19/95 50 0 0 0 0 0 0

Operating-BWRS35 units x 365 | 15095 19775 | 12775 | 12775 | 12775 | 12775 12775

days =
Total BWR (reactor
calendar years) 36.14 35.72 35.00 35.00 35.00 35.00 35.00
TOTAL (PWR + BWR) 108.5 106.5 104.2 104.0 104.0 104.0 104.0

Notes:

1. Startup date from NUREG-1350, "Information Digest." Defuel date from the NRC Status Reports. Dates for San
Onofre 1 and Trojan are shutdown dates from NUREG-1350. Defuel date for Millstone 1 from letter—Northeast
Nuclear Energy to NRC dated 7/21/98.

2. Number of plants in operation (not shut down for decommissioning) during the end of FY-02 minus new plants
that were started during the period.

38



LER 266/01-005

Attachment 4 - Resolution of Comments

A letter from Nuclear Management Company, LLC (NMC) to the NRC dated May 19, 2003 (Ref.
16), describes NMC's review of and comments on the Preliminary Precursor Analysis of the
condition reported in LER 266/01-005. The NRC has reviewed these comments and has the
following responses:

Licensee's Comment 1: Page 1 - AFW pumps are listed as P39A and P39B. The correct
designations are P38A and P38B.

Response: Text corrected to show correct pump designations.

Licensee's Comment 2: Page 2; 2"d paragraph - The "Importance" section states that, "the
pumps' discharge valves fail closed..." following loss of instrument air (IA). The phrase should
state that "the pumps' recirculation valves fail closed..."

Response: Text corrected to indicate that AFW pumps' recirculation valves fail closed on loss
of instrument air.

Licensee's Comment 3: Page 3- "Seismic event": States that IA was assumed failed due to
soldered joint failure. The analysis was not this detailed. The assumption was actually based
upon the vast piping network that went through non-seismic structures that include block walls.
This comment also applies to page 5 under "Sequence of interest".

Response: Text modified to delete reference to "soldered joint failure."

Licensee's Comment 4: Page 6; 6th bulleted item - Operators fail to recover instrument air
pressure in time before initiation of feed and bleed should include "seismic" as an initiator, but
should not include "loss of offsite power" (LOOP).

Response: Text for this bulleted item modified to clarify conditions. Text added to indicate that
for seismic events, the resulting damage to the instrument air system is assumed to not be
recoverable. Text also added to clarify that for LOOP, non-SBO sequences, operators must
manually restore electric power to the instrument air or station air compressors and instrument
air pressure recovered before feed and bleed cooling can be initiated. In the LOOP event tree,
this action is assumed to be part of the initiation of the "bleed" portion of feed and bleed cooling.

Licensee's Comment 5: Page 6; 7th bulleted item - Should read, "Main Feed Water not
available with a loss of Service Water (SW) due to its dependency on Service Water in addition
to the subsequent loss of IA with loss of SW."

Response: Text for this bulleted item modified to clarify conditions. Text added to indicate that
main feedwater is unavailable and instrument air pressure and/or service water flow must be
recovered to restore secondary cooling.

Licensee's Comment 6: Page 7; 4th bulleted item - Should read, "No credit for recovery of
secondary cooling without instrument air or service water."

Response: Text for this bulleted item and text on page 27 in Attachment 2 were corrected to
include need for service water.
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Licensee's General Comment: In both the PBNP and NRC ASP analyses, no credit was taken
for operators discovering the closed recirculation valve. This remains a bounding assumption in
that some uncertainty remains in the operators' ability to diagnose the pump failure and take
action to prevent additional pump failure. Factors affecting this are the short duration time
between pump failures and the high stress following the first and second pump failures.

Response: Agreed. Additional text added to "Important assumptions" section (page 7) and in
Attachment 2, "Details of Important Assumptions,” describing the assumption that operators fail
to detect pump deadhead conditions in time to prevent damage to one or more AFW pumps.
This assumption is necessary because an accurate estimate of the likelihood of the operator
failing to diagnose pump deadhead conditions in time to save one or maore AFW pumps cannot
be made. Although this assumption is conservative, it may not be overly conservative

A memo from Cynthia D. Pederson, Director, Division of Reactor Safety (DRS), Region I, to
Patrick Baranowsky, Chief, Operating Experience Risk Analysis Branch (OERAB), Division of
Risk Analysis and Application (DRAA), Office of Nuclear Regulatory Research (RES) (dated
May 22, 2003), provided review comments on the Preliminary Precursor Analysis of the
condition reported in LER 266/01-005. The comments have been reviewed and following
responses provided:

DRS Region lll General Comment 1: The analysis report needs to consistently state that
the Point Beach preferred method for controlling AFW flow was by throttling or closing the
AFW flow control valves (for the motor-driven AFW pumps) or discharge valves (for the
turbine-driven pump) rather than securing the pumps. Many sections of the report merely
state that operators would close the AFW pumps' discharge or flow control valves.
Throttling the valves would yield the same insufficient recirculation flow to the pumps.

Response: Agreed. Text modified to indicate that operators could throttle AFW pumps' flow
control valves as well as close the valves.

DRS Region Ill General Comment 2: For the loss of service water initiating event, only the
TDAFW pump is assumed available. Both MDAFW and TDAFW pumps require service
water for bearing cooling, but fire water is automatically supplied to the TDAFW pump. It
wasn't clear in the report whether the ASP analysis credited only the TDAFW pump.

Response: Section 10.2.2. of the Point Beach FSAR indicates that the motor-driven AFW
pumps' bearing oil is cooled by service water. For the turbine-driven AFW pumps, both the
turbine and pump are normally cooled by service water with an alternate source of cooling
water from the firewater system. During discussions between John Schroeder of Idaho
National Engineering and Environmental Lab and Paul Knoespel of NMC, Mr. Knoespel
indicated that the motor-driven pumps will operate satisfactorily without service water
cooling. Therefore, the SPAR model correctly credits the motor-driven pumps during a loss
of service water event.

DRS Region Il Specific Comment 1: Page 1, second paragraph, last sentence should
read, "Prior to November 30, 2001, there were no backup air or nitrogen accumulators
associated with these recirculation valves." Since the identification of this design deficiency,
the licensee has installed a backup air source for the recirculation valves. The ASP report
makes a similar statement in Attachment 2 when discussing the EOPs that were
subsequently changed.
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Response: Agreed. Text added to indicate that prior to the discovery of this design
deficiency, no backup air or nitrogen accumulators were associated with the AFW pumps'
recirculation valves.

DRS Region lll Specific Comment 2: Page 2, "Importance" section: First sentence after
the table should read ".pumps' minimum recirculation valve..." instead of "...pumps'
discharge valve..."

Response: Agreed. Text corrected.

DRS Region Ill Specific Comment 3: Pages 3 and 4, "Dominant sequences" section, loss
of service water and loss of instrument air: The failure to feed and bleed isn't really in
sequence #28 or sequence #20; although, the failure to restore service water will lead to the
failure to feed and bleed.

Response: Text modified to emphasize that failure to recover instrument air pressure or
service water flow results in the inability to initiate feed and bleed cooling or secondary
cooling.

DRS Region lll Specific Comment 4: Page 5, "Sequence of interest," Initiating events: Due
to a second preliminary RED finding in the AFW recirculation line (identified on October 29,
2002), the licensee has re-performed its seismic analysis and determined that the
instrument air system will be able to withstand a safe shutdown earthquake. Would this
ASP analysis have to consider this new licensee analysis?

Response: A seismically induced loss of instrument air is the largest contributor to the
CCDP for the condition analyzed in this precursor analysis. If new seismic analyses show
that the instrument air system would survive a seismic event, then this precursor analysis
will be updated to remove the seismic initiating event. We are only aware of the utility's new
seismic study on the condensate storage tanks.

A memo from Michael Tschiltz, Chief, Probabilistic Safety Assessment Branch, Division of
Safety System Analysis (OSSA), Office of Nuclear Reactor Regulation (NRR), to Patrick
Baranowsky, Chief, OERAB, DRAA, RES (dated May 19, 2003), provided peer review
comments on the Preliminary Precursor Analysis of the condition reported in LER 266/01-005.
The comments have been reviewed and the following responses provided:

DSSA/NRR Comment 1: Assumptions of AFW pump failure: The current analysis assumes
a pump failure probability of 1.0 given a loss of instrument air. In review of industry
operating experience, similar issues at other Westinghouse plants have not been as
significant when considering actual system performance. In particular, the attached LER
(excerpts highlighted) documents an actual loss of AFW pump recirculation event at
McGuire, unit 1 and indicates that leakage past closed flow control valves and/or AFW flow
recirculation valves may be sufficient to prevent imminent AFW pump failure. Subsequent
inspection of the AFW pumps revealed no damage even though the pumps operated from
20 to 60 minutes in the so called "deadhead" condition. The AFW pumps were multistage,
horizontal centrifugal pumps (eight-stage motor- driven pumps and a nine-stage turbine-
driven pump). Note that the current McGuire AFW system uses automatic recirculation
control (ARC) valves and is not dependent on the instrument air system (IAS). The ARC
valves were installed after the event. Note also for Point Beach, the licensee's AFW pump
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vendor has indicated that 10 to 20 gallons per minute flow is sufficient to prevent imminent
pump failure (similar to that of the McGuire experience).

An evaluation of the type of flow control valves and/or flow recirculation valves and their
susceptibility to leakage under high AFW pump discharge pressure could provide higher
confidence in the upper bound pump failure probabilities used in the ASP analysis.

Response: In 1988, NMC installed modifications to increase the design minimum
recirculation flow for the AFW pumps to 70 gallons per minute (gpm) for the motor-driven
pumps and 100 gpm for the turbine-driven pumps. Previously, the minimum recirculation
flow was 30 gpm, which the AFW pump vendor, Byron Jackson, indicated would be
sufficient to prevent pump damage, based on pump heat up when on recirculation flow

(Ref. 2). For the concern analyzed, leakage past the AFW pump's closed recirculation valve
or the closed discharge or flow control valve could provide enough flow to prevent pump
damage. However, inclusion of component failures as success logic in a risk model is
typically not done. The failure probability for an air- operated valve failing to close on
demand is 1.0E-3; the failure probability for a motor-operated valve failing to close on
demand is 3.0E-3. The likelihood that the air-operated flow control valve or air-operated
recirculation valve for one of the motor-driven AFW pumps fails to close on demand or the
motor-operated discharge valve or air-operated recirculation valve for the turbine- driven
pump fails to close, preventing damage to at least one pump is 8.0E-3. Unless leakage past
these valves, sufficient to prevent pump damage, normally occurs, the likelihood that the
valves will meet their design intent and close when demanded, resulting in pump deadhead
conditions is 0.992.

The following events demonstrate that damage may or may not occur when an AFW pump
is run in deadhead conditions. An event occurred at McGuire Unit 1(LER 369/97-009) in
which the AFW pumps were run for 20 to 60 minutes without adequate recirculation flow
while the pumps' flow to the steam generators was throttled back. Leakage past valves (10
to 12 gpm) provided adequate flow to prevent pump damage. At Zion Unit 1 during pump
performance testing (LER 295/90-002), the turbine-driven AFW pump was run in full
deadhead conditions (with all discharge valves and the recirculation valve fully closed) for
about 8 minutes, resulting in damage to the pump's impeller.

Several sensitivity cases were run varying the likelihood that all of the AFW pumps would
fail. One case assumed that the likelihood that at least one AFW pump would be saved (not
fail) was 90%. The increase in core damage probability (CDP) was reduced by 60%;
however, the CDP was greater than 1.0E-04.

DSSA/NRR Comment 2: Clarification of the seismic analysis section: The current
discussion notes that the "design basis earthquake" is 0.06g. Our review of the licensee's
IPEEE indicates that the "safe shutdown earthquake" is 0.12 g peak ground accelerations
(PGA). Also, the relationship of the plant's existing IAS piping design to the cited ANSI
standard should be explained. The context may be intuitive to those individuals who
perform seismic evaluations; however, it is not obvious to the non-informed reader what the
relationship to the standard means. It should be noted that the IPEEE indicated that the
piping was determined to be "seismically weak" due to the long pipe runs. Should you
choose to state this in the ASP analysis, it may be beneficial to note that no credit for
instrument air is a conservative assumption and suffices to meet the IPEEE intent of
identification of potential severe accident vulnerabilities. Such an assumption in ASP
analysis may be overly conservative if attempting to quantify a best-estimate risk value.
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The seismic event tree and assumptions indicate that earthquakes exceeding event the
lowest range reported in NUREG-1488 (50 cm/sec?) would result in core damage appears to
be quite conservative. Review of the LLNL curve distribution for annual probability of
exceedance versus peak ground accelerations reveals that for the Point Beach site, the
probability distribution is skewed in favor of smaller magnitude earthquakes. The current
assumption that exceeding even very small magnitude earthquakes would render IAS
unavailable appears unjustified based on not meeting an ANSI pipe design-specification
alone. Review of actual earthquake performance of nonnuclear power stations near the
Lorna Prieta, California, 1989 earthquake epicenter (considered a strong earthquake) only
sustained "minor" damage (see EQE Engineering report, The October 17, 1989 Lorna Prieta
Earthquake).

Footnote 7 on Table 4 (ASP model basic event probabilities that were modified) states that
the base case value for the seismic initiating event (IE) frequency was 1.5E-05/year and
was taken from "the Point Beach Units 1 and 21ndividual Plant Examination (IPE)" update of
1997. This reported number appears to represent the base, nominal annualized seismic risk
and not the seismic initiating event frequency.

Response: A seismically induced loss of instrument air was considered as a contributor to
core damage. A seismic event is assumed to result in non-recoverable damage to the non-
seismically qualified instrument air system, leading directly to core damage. A simplified
event tree was created for this purpose (see Figure 2). The safe shutdown earthquake for
Point Beach is 0.12 g and the operating basis earthquake is 0.06 g. Because the instrument
air system piping design is less robust than ANSI B31.1 piping design, the instrument air
system cannot be assumed to withstand any seismic event greater than 0.06 g, without
either performing a seismic analysis of the piping design or conducting visual inspections of
the piping to determine seismic tolerance. Therefore, the return frequency for seismic
events that would result in a loss of instrument air is conservatively estimated at 3.1E-4/yr
(3.5E-8/hour) based on the lowest estimated ground acceleration value (50 cm/sec? or 0.05
g) at Point Beach from NUREG/CR-1488, Revised Livermore Seismic Hazard Estimates for
69 Nuclear Power Plant Sites East of the Rocky Mountains (Ref. 6). (The mean frequency
for this acceleration is 3.1E-4/yr.) As the lowest site-specific value found in NUREG/CR-
1488, this frequency is more appropriate than arbitrarily selecting the design basis
earthquake, because no design value exists for instrument air system piping.

The frequency of seismically induced core damage events for the base case is taken from
the IPEEE (Ref. 7). The base case frequency is 1.5E-05/yr. The operating basis earthquake
leads directly to core damage (i.e., initiating event frequency= CDF), because the loss of
instrument air results in loss of both the AFW system and PORVs. The IPE event tree for
loss of instrument air shows that this sequence goes straight to core damage.

Comments were provided by lan Jung in the Division of Regulatory Improvement Programs
(DRIP), NRR to Don Marksberry, OERAB, DRAA, RES, via e-mail (dated March 11, 2003).
Responses to these comments are as follows:

DRIP/NRR Comment 1: The degraded condition identified at Point Beach 1&2 had a
preliminary CCDP of 7E-4 in ASP. The difference between 1E-3 and 7E-4 is statistically
insignificant. One could argue that one of the agency's strategic goals was not essentially
met.
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Response: The analysis results (for Unit 2) gave a mean CCDP of 6.6E-4, with an upper
bound (95%) of 1.4E-3 and a lower bound (5%) of 1.8E-5. Although this ASP analysis made
every effort to determine "best estimate” risk results, conservative assumptions were made
whenever more realistic conditions or assumptions could not be reliably predicted.
Conservative assumptions include the following: (1) operators fail to detect (or respond to)
the failed closed recirculation valves on loss of instrument air, (2) operators fail to detect and
respond to pump deadhead conditions, preventing damage to at least one AFW pump, and
(3) the instrument air system catastrophically fails following a seismic event. These
assumptions and the bases for making them are discussed in Attachment 2. Because
conservative assumptions were made in several key areas, we are confident that the true
risks values are bounded by the values presented.

DRIP/NRR Comment 2: If the CCDP of 1E-3 in the agency's strategic goal is meant to
include all risks, e.g., external initiating events and LP/SD (low power/shut down) events,
RES should have included specific discussion on these contributors.

Response: The analysis considered all initiating events included in the SPAR model, plus
external events. As stated in "Sequences of interest, Initiating events" (page 5), only those
initiating events in which loss of instrument air is the direct result of the initiating event were
considered when quantifying the CCDP. (Although the condition evaluated in this
assessment [deadhead of the AFW pumps following loss of instrument air pressure] could
result due to causes that are independent of the initiating event or due to causes that share
some dependency with the initiating event, it is the latter case that has the greater risk
significance.) The events considered were: loss of instrument air (due to equipment failure in
the instrument air system), loss of service water (which results in loss of cooling water to the
instrument air and service air compressors), loss of offsite power (which results in loss of
electric power to the instrument air and service air compressors), and seismic events (which
result in seismically induced failure of instrument air piping or components). When
calculating the CCDP and CDP, the condition assessment used the number of hours that
the unit 1 and unit 2 reactors were critical (critical hours were taken from Point Beach's
monthly operating reports). This includes low power conditions. Risks during shutdown
were not estimated because the fraction of time during shutdown because the period of time
AFW would be needed was small.

DRIP/NRR Comment3: In terms of the use of the mean value with the uncertainty bounds,
the two events with a similar mean value but with significantly different uncertainty
distribution should be distinguished. Since the users of the ASP output would focus on the
mean value, the use of uncertainty information should be done carefully.

Response: Agreed. No response required.
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Standardized Plant Analysis Risk Model for
Point Beach Units 1 and 2
Addendum

1. INTRODUCTION

This report provides documentation of modifications fo the Point Beach Units 1 and 2
Standaraized Plant Analysis Risk (SPAR) model. The modificalions discussed below (shown in
ifalics) are independant of the condition being analyzed: therefore, applicable fo the baseline sk,

The format and numbering of preceding sections is conaisient with main SPAR manual for
Point Beach.

2. EVENT TREE MODELS

This saction prasents defails concaming the two event freas that were modified — loss of
instrument air and joss of sendce waler. The sven! fress are shown in Figures 2-T and 2-8.
Following the avenl tree fgures, Table 2-1 provides evant irec specific syslem Success critena.
Table 2-2 ists changes fo the event frea linking rites thal were used in generating the core damage
sequences. Table 2-3 lisf changes fo the Rag sets incloded in the model,

2.1 Event Tree Assumptions
The following new assurmptions apply to the event tree models:

7. The recovery of secondary cooling via main feedwater and steam generator
atmospheric dump valve is a proceduralized action. Secondary cooling is assumed
to be avaflable for events where service water, (nstrument alr and offsite power are
available. The main feedwater pumps at Point Beach are motor-driven pumps.
Service water provides cooling o the condensate and main feedwater pumps, and
to the instrument air and service air compressors, Instrument air is required to
operate the alr-operated feedwater regulating bypass valves and the air-operated
steam generator atmaspheric dump valves,
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2.8 Loss of Instrument Air Event Tree

The loss of instrument air even tree is a moch-simaifed dervation of the transient event
tree, The following provides a description of the SPAR model loss of instrument air event tree.
Event tree specific success criteria are provided, followed by a description of the event tree
headings and the event trea structure. Figure 2-7 shows the loss of instrument air event tree.

2.8.1 Success Criteria

The general SUCCESS CI'I'[EI'IE for Iclsa of instrument air are prn-.-u:led in Table 2-1, Givers

'l-n-p- Fui'fawmg a loss nnnstrumant air, MFW is unavailable due to the m:tlallng a'.renl rs:llal:ung
the MFW bypass and regulaling valves. Feed and bleed cooling is also unavailable since the
PORV= reqguire airto open. (Nitrogen backup source forthe PORVs is procedurally Isolated
during power operations and contalnment entry, which is assumed to not be practical,
would be required to restore the nitrogen backup.) Additionally, cooldown andfor RCS

depressurization using the atmospheric dump valves is also made unavailable due to the
loss of instrument air.

Following a successful reactor trip, succassful operation of the AFVW, along with no PORVs
opening, puts the reactor in a stable condition. However, ifa PORV opens and then fails to reclose,
HP is requirad to provide makeup flow to replenish the RCS. If HPI succeeds, then long-term
cooling is required. Long-term cooling is provided by either RHR or HPR.

Following loss of instrument air and failure of AFW, the operators could recover air
pressure and initiate feed and bleed cooling or secondary cooling (feedwater injection),
avoiding core damage, if the recovery action occurs before the steam generators boil dry.
The frequency for the Initiating event, [E-LOIA does not include recovery of Instrument air,
even though instrument air could be recovered. The event tree model was updated fo
include the possibility of recovery of instrument air. IF AFW fails, recovery of instrument
air within certain time periods (see below) allows the use of feed and bleed cooling or
secondary cooling as alternate means of decay heat removal.

Three recovery times are modeled:
(1)  Recovery in less than 10 minutes (AIR-REC-5T) where there is little risk of

failure of the AFW system (i.e., failure of the AFW pumps due to the
dependency of thelr recirculation valves on instrument air) or of feed and
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bleed functions. Any contribution to core damage probability due to this
situation is not considered in the model.

(2] Recovery in more than 10 minutes and less than 20 minutes (AIR-REC-MT)
where AFW system Is modeled as failed and feed and bleed funcilion is
modeled with nominal failure probabilities. Feed and bleed cooling must be
initlated within 30 minutes following fotal loss of AFW flow. Because the
PORVs require air to open, instrument air pressure must be recoverad before
feed and bleed cooling can be initiated. If instrument air is recovered within
20 minutes, then sufficient time is available (about 10 minutes) o initfate feed
and bleed cooling. Feed and bleed cooling requires a single PORV fo be
opened to remove the decay heat and a single HPI pump to supply makeup
water to the RCS. Long-term cooling can be provided by either secondary
cooling (feedwater infection) or HPR.

{3) Recovery in more than 20 minutas and less than 60 minutes (AIR-REC-LT)
where neither AFW system or feed and bleed function are available. If
instrument air is nof recovered within 20 minutes but is recovered within 60
minutes, then secondary cooling (feedwater injection) can be Initiated.
Feedwaterinjection requires main feedwater flow to the sfeam generators be
restored and a steam generator atmospheric dump valve be opened. Because
the fecdwater main and bypass rogulating valves and steam generafor
atmospheric dump valves require air to operate, instrument air pressure must
be recovered before feedwater infection can be initiated.

Steam generators dry outin about 56 minutes following the loss of feedwater.
Core uncowvery starts about 40 to 50 minutes (approximaifely) later. Thus, core
uncovery is expected to begin at about 90 minutes if the AFW is initially not
available (Ref. 2-10). (Core uncovery time is longer for conditions where the
AFW fails fo run after filling the steam generator following reactor trip and the
initial decay heat drop.) The latest time fo start the procedure for initiating
main feedwaler infection is assumed at 60 minutes. This assumes a
reasonable time of 30 minutes for implementing Critical Safety Procedure
C5P-H.1 (Ref. 2-11) before RCS volding becomes foo excessive and impacts
operator performance to recover secondary cooling before the reactor core
is uncovered.

The following fault frees were developed for the new top events added fo the event
tree:

a. Faull trees AIR-REC-5T, AIR-REC-MT, and AIR-REC-LT weore developed to

represent failure of the operator to recover instrument air in the short term,
medivm term, and long term respectively. (See section 3.2 for descriptions
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of the trees.,) To estimate the nonrecovery probabilitias, the LERs used fo
estimate the initiating event frequency were reviewed fo defermine the times
required to recover instrument air pressure. The nonrecovery probabilities
for AIR-REC-MT and AIR-REC-LT are conditional failure probabilities. See
soction 4.3, technical basis, for the LER data reviewed and details of the
nonrecovery probability estimates.

b. Fault tree FWI was developed fo represent failure to inftiate feedwater injection
as a mechanism for cooling the secondary plant in the event that instrument
air is recovered and feed and bleed are not available. Feedwater injection is
described in Critical Safety Procedure CS5P-H.1 (Ref. 2-11). To achieve
feedwater injection, multiple pumps and flow paths, many of which would
have been operating at the time of the trip are available for an injection path.
Therefore, the failure to achieve feedwater infection is dominated by the
operator failing fo accomplish the action. Appendix H provides the human
error worksheets for event COND-XHE-XM-IA, and the dependent events
COND-XHE-XM-IA1 and COND-XHE-XM-IAZ.

Figure 2-7 presents the updated event tree.
2.8.2 General Description/Philosophy

2.8.2.1 Top Event Descriptions

The loss of instrument air event tres has the following events arranged in the approximata
arder in which they would be expected to ocour following the event

IE-LOHA, Initiating event loss of instrument air to both units. (Instrument air and station air
systems are shared systems, providing air to both units.)

AIR-REC-5T Success or fallure to recover instrument air pressure in the short term.
Success implies instrument air will be recovered to the AFW minimum flow
recirculating valves prior to AFW pump dead heading. Failure implies that
instrument air is not recovered within 10 minutes (4 minutes affer reactor
scram).

BT Success or failure of the reactor protection system (RPS) toinsert enough negative
reactivity by the control rods to shutdown tha reactor.

AFWN Succaess or failure of the auxikiary feedwater system to remova decay heat via the
steam generators. The main feedwater pumps will be unavailable due to the
initiating event. This will require the use of the AFW systemn to provida flow to the
steam generators, Success implies aulomatic actuation and operation of the AFW
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system. The AFW system supplies sufficient cooling water to the steam generators.
The succass criteria ara tha TDP AFW train fraf-tnit-t or eperater-afigns-the one

of two AFW motor-driven frains pump-from-tnit2. =

CHG-CNTRL Success or failure of operator action to contral charging and letdown. Letdown
izolates on a loss of instrument air. If the cperator fails o control charging injection
and/lor fails to reestablish letdown, pressurizer level is assumed to increase to the
point that water is released through the pressurizer power operated relfef valves
(FORVs) and/or safety relief valves (SRVs). The likelihood of the valves reclosing
after passing water is expectad to be lower than after passing steam.

PORW Success of failure of the pressurizer poweroperated-reiefvatves-{PORVs and
SRVs. Success requires that no PORVs/SRVs opened given the transient. Failure

implies that the RCS pressure increased to a point that caused at least one PORV
ar SRV to lift and relieve RCS pressure.

PORV-RES Successorfailure ofthe PORVs/SRVstoreclose. Success implies that all openad
PORVs/SRVE reclose once RCS pressure is lower than the relief pressure
satpoints for the PORYS/SRVS or the operator coses the PORY block valve(s).

AIR-REC-MT Success or failure to recover instrument air pressure within 20 minutes. Success
implies instrument airis available to the FORVE in time for effective feed and blead
cooling. Failure implies that instrument air pressure is not recoverad in ime o
initiate fead and bleed cooling. This event is a conditional event; probability of non-
recovery given failure to recover instrument airwithin 4 minutes (a previous recovery
event that appears earier in the LOIA event tree.)

HPi Success or failure of the high pressure injection (HPI) system to provide makeup
water to the RCS. Success implies automatic actuation and operation of the high
pressure injection system (safety injection [S1] pumps). The pumps take suction
from the RWET and provide flow to the RCS cold legs. The HP1 system provides
sufficient water to keep the core coverad. The success criteria are ona-of-two Sl
trains,

AIR-REC-LT Success or failure to recover instrument air pressure within 60 minutes.
Success implies instrument air supply is recovered fo one feedwater
regulating bypass valve and one steam generator atmospheric dump valve
allowing secondary cooling to be initiated. Failure implies that instrument air
pressure was not recovered within 60 minutes.
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Fwi Success or failure to initiate secondary cooling via main feedwater system
and steam generator atmospheric dump valve. Success implies that
operators are successiul in recovering main feedwater Mow to a least one
steam generator. Failure implies that main feedwater flow was not recovered.

HPR Success or failure of high pressure recirculation, Success requires the HPI pumps
to take suclion from the discharge of the RHR pumps and delivar tha wataer to the
RCS. HPR will provide long-term cooling for the reactor given the HPI system was
successful in supplying early makeup water to the reactor. HPR is required if
residual heat removal cannot be established. The decay heatwill ba removed from
the containment sump by the RHR pump train heat exchangers. Anoperator action
is required fo align the RHR pump discharge to the HP1 pump suction and verify that
the containment sump valves are open and the RWST suction valves are closed.
The success criteria are one-of-two Sl trains and one-of-two RHR trains.

2.8.2.2 Event Tree Structure Philosophy

The event tree structure is used to represent the interactions among three functional event
groupings. The first grouping is reactor shutdown as representad by the BT top event, The next
grouping Is early decay heat removalinventory control as represented by the AFW and HPl events
or BLEED and HPf events. The final event grouping is late decay heat removal/long-tarm cooling
as represented by the AFW, FWI, and HPR events,

Shori-term inventory control iz only necessary if the loss of instrumeant air caused the RCS
pressure to lift a PORY and the PORV failed to recloss on decreasing pressure. The HPI system
will maat the need for short-term inventory control. Low pressure injection cannot be used since
the pressure will remain above the shutaff head for the LPI pumps due to initiator induced failure of
the PORVYs and atmospheric dump valves.

Late decay heat removal can be established and the plant placed in a stable condition by the
AFW system provided there was no stuck-open PORV. However, if AFW is unavailable, then long-
tarm cooling can be established by FWT or HPR.

A stuck-open PORV will require the use of HPR for long-term cooling. With a single stuck-
open PORY RCS pressure will not bleed off guickly encugh to allow LPIVLPR in time o prevent cone
damage. The decay haat is ramaved via the RHR pumnp trains dedicated heat exchangers, Since
the RCS cannot be depressurized HPR is required to stabilize the reactor. For HPR zuccess, the
RHR pumps need to take suction from the containment sump and cool the water by passing it
through their dedicated heat exchangers. Once the sump water is cooled, itis discharged to the
suction of the HPI system pump trains. Long-term cooling succass requires both the RHR pumps
and HPI systems to aperate in a piogy-back mode. iz assumed that the RHR pump frain heat
exchangers will remove not only the decay heat from the RCS, but also the decay heat rejected to
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the containment by the opened PORVS, Therefore, containment spray or containment fan coolers
ara not quastioned for the Level 1 analysis.

2.9 Loss of Service Water Event Tree

The following provides a description of the SPAR model loss of service water event tree.
Event free specific success criteria are provided, followed by a description of the event free
headings and the evant trea structure. Figure 2-8 shows the loss of service water event tree.

2.9.1 Success Criteria

The general success criteria for loss of service water induced transients are provided in
Table 2-1, Given a loss of service water, the state of the RCF seals needs to be assessed provided
a successful reactor trip has occurred. RCP seal cooling requires either component cooling water
ta tha thermal barriers or seal injection from the charging system, however, both of these systems
are dependent on cooling water. Therefore, loss of service water carrbe-assumedds may cause
an RCP seal LOCA. The event tree model assumes that the RCP seals can remain intact,
therefare, if there is no RCP seal LOCA, then successful operation of the secondary cooling (AFW
erfviEW), along with no power operated relief valves (PORVs) opening, puts the reactorina stable
condition. However, if a PORV opens and fails to reclose or there is an RCP seal leak, then HPl is
required to provide makeup to replenish the RCS. Recovery of cooling wateris required prior to use
of HPtHPR. If cooling water is recovered, then HPI can provide sufficient makeup. Given success
of HPI, lang-term cooling using HPR is requirad.

Feed and bleed cooling can provide successiul decay heat removal given secondary cooling
is unavailable. For feed and blead success, a single PORV is required to open and remaove the
decay heat while HP| provides makeup flow to replenish the lost RCS inventory. With the exceplion
of the PORV success criteria, these success criteria are consistent within the PAWR Class B plants.

Following loss of service water and failure of AFW, the operafors could recover
service water (and the instrument air compressors) and inftiate feed and bleed cooling or
secondary cooling (feedwater infection), avoiding core damage, if the recovery action occurs
before the steam generators boil dry. The frequency for the initiating event, IE-LOSWS does
notinclude recovery of service water, even though service water cowld be recovered in the
short term (i.e., in time for the operators to initiate feed and bleed cooling before core
damage would occur). The event free model was updated fo include the possibility of
recovery of service water. [If AFW fails, recovery of service waler (and instrument air
pressure) within certain time periods (see below) allows the use of feed and bleed cooling
or secondary cooling as alternate means of decay heat removal.

Three recovery fimes are modeled:
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(1)  Recoveryin less than 10 minutes (AIR-REC-5W-5T) where there is little risk
of failure of the AFW system (i.e., failure of the AFW pumps due fo the
dependency of their recirculation valves on instrument air) or of feed and
bleed functions. Any contribution fo core damage probability due to this
situation is not considered in the model.

(2) Recovery in more than 10 minutes and less than 20 minutes (AIR-REC-5W-
MT) where AFW sysfem is modeled as failed and feed and bleed function s
modefed with nominal failure probabilities. Feed and bleed cooling must be
initiated within 30 minutes following total loss of AFW flow. Because the
PORVs require air to open, instrument air pressure must be recovered before
feed and bleed cooling can be initiated. If service water flow and instrument
air is recovered within 20 minutes, then sufficient fime is available (about 10
minutes) to initiate feed and bleed cooling. Feed and bleed cooling requires
a single PORV to be opened fo remove the decay heat and a single HPl pump
to supply makeup water to the RCS. Long-term cooling can be provided by
either secondary cooling [feedwater injection) or HPR.

(3) Recovery in more than 20 minutes and less than 60 minutes (AIR-REC-SW-LT)
where neither AFW system or feed and bleed function are available. If service
water flow and instrument air is not recovered within 20 minutes but is
recovered within 60 minutes, then secondary cooling (feedwater infection) can
be initiated. Feedwater injection requires main feedwater flow to the steam
generators be restored and & steam generator atmospheric dump valve be
opened. Because the feedwater main and bypass regulating valves and steam
generator atmospheric dump valves require air fo operate, instrurent air
pressure must be recovered before feedwater injection can be initiated.

Steam generators dry outin about 56 minutes following the loss of feedwater.
Core uncovery starts about 40 to 50 minutes (approximately) later. Thus, core
uncovery is expected to begin at about 30 minutes if the AFW is Initially not
avallable (Ref. 2-10). {Core uncovery time is longer for conditions where the
AFW fails to run after filling the steam generator following reactortrip and the
initial decay heaf drop.) The latest time fo start the procedure for initiating
main feegwater injection is assumed at 60 minutes. This assumes a
reasonable time of 30 minutes for implementing Critical Safety Procedure
CSP-H. 1 {Ref. 2-11) before RCS voiding becomes 100 excessive and impacits
operator performance fo recover secondary coolling before the reactor core
is uncovered,

The following fauwlt trees were developed for the new top events added to the event
free:
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a. Fault trees AIR-REC-SW-5T, AIR-REC-SW-MT, and AIR-REC-SW-LT were
developed fo represent failure of the operator o recover service water flow
and air pressure in the short term, medium term, and long term respectively.
(See section 3.2 for descriptions of the trees.) To estimate the failure
probabilities, LERs involving fallures in service water systems were reviewed
to determine the times reqguired to recover service water flow. The
nonrecovery probabilities for AIR-REC-SW-MT and AIR-REC-SW-LT are
conditional failure probabilities. See section 4.3, technical basis, for the LER
data reviewed and details of the nonrecovery probability estimate.

b. Fault tree FWl was developed fo represent failure to inftiate feedwater infection
as a mechanism for cooling the secondary plant in the event that instrument
air pressure is recovered and feed and bleed are not available. Feedwaler
injection is described in Critical Safety Procedure CSP-H.1 (Ref. 2-11). To
achieve feedwater injection, multiple pumps and flow paths, many of which
would have been operating at the time of the trip are available for an infection
path. Therefore, the failure to achieve feedwaterinjection is dominated by the
operator failing to accomplish the action. Appendix H pravides the human
error worksheets for event COND-XHE-XM-IA, and the dependent events
COND-XHE-XM-[A1 and COND-XHE-XM-A2.

Figure 2-8 presents the updated event free.
2.9.2 General Description/Philosophy
2.9.2.1 Top Event Descriptions

The lozs of service water event tree has the following events amanged in the approximate
order in which they would be expected to occur following the event

IE-LOSWS Initiating event loss of service water fo bath unifs (the service waler system
consists of a tofal siv pumps, providing service water fiow to both units)

AIR-REC-SW-5T Success or failure to recover service water flow (and instrument air
pressure) in the short term. Success implies insfrument air will be
recovered to the AFW minimum flow recirculating valves prior to AFW
pump dead heading. Fallure implies that service water (and instrument air
pressure) is not recovered within 10 minutes (4 minutes after reacfor
sCcram).

RT Success or failure of the reactor protection system (RPS) to insert anough
negative reactivity by the contrel rods to shutdown the reactor.
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RCPSL-3WS Success or failure of the RCP seals. Success requires that the charging

system or component cooling waler system provides RCP seal cooling
Success implies that there is no seal LOCA.

AFW Success or failure of the auxiliary feedwater system to remove decay heat via
the steam generators. The main feedwater pumps will isclate given low T,
signal. This will require the use ofthe AFW system to provide flow to the steam
generators. Success implies automatic actuation and operation of the AFW
system. The AFW sysiem supplies sufficient cooling water to the steam
generators. The success criteria are efe-oftwe the TDP APW train fremtnt
*F or eperatorangne-ie-AW one of two motor-driven pump AFW frains from
2,

pracsdHraperatef- This branch was deleted and replaced with feedwater
recovery event.

CHG-CNTRL  Swuccess or failure of operator action to control charging and letdown.
Letdown isolates on a loss of instrument alr (Tollowing loss of service
waterflow to the air compressors). If the operator fails to control charging
injection and’orfails to reestablizh letdown, pressurizerlevel is assumed
fo increase fo the point that water is released through the pressurizer
PORVs or SRVs. The likelihood of the valves reclosing after passing water
is expected to be lower than after passing sfeam.

FORV Success of fallure of the pressurizer pewer—operated—ratief—vahes
tPORVS/SRVE). Success requires that no PORVS/SRVE opened given the

fransient. Failure implies that the RCS pressure increased to a peint that caused
at least one PORY or SRV o lift and relieve RCS pressure,

PORV-RES Success or failure of the PORVs/SRVS to reclose. Success implies that all
opened PORVe/SRVE reclose once RCS pressure iz lower than the relief
pressure satpoints for the PORVS/SRVs or the operator closes the PORV block
valve(s)

AIR-REC-SW-MT Success or failure fo recover service water flow (and instrument air
pressurel within 20 minutes. Success implies instrument alr is available
to the PORVs in time for effective feed and bleed cooling. Failure implies
that service water flow is not recovered in time fo initiate feed and bleed
cooling.
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BLEED Success or failure of the bleed portion of feed and bleed cooling given sacondary
cooling is unavailable, Success reguires a single PORY to open and remove
dacay heat from the RCS. An operator is required to apen the PORVs and tha
PORV block valves if they are closed. The success criteria are one-of-two
FORVs opento create the bleed path. Because the PORVs are air-operated,
recovery of service water flow to the instrument air or service air
compressors (and recovery of instrument air pressure) is required for
BLEED.

- L] Ll L}

was-ebie-torestore-cooting-water-flow-ima-imety-manmer This branch was
deleted and replace with other recovery events.

o T ] L | e o

HPI Success or failure of the high pressure injection (HP1) system to provide makeup
water to the RCS. Success implies automatic actuation and operation of the
high pressure injection system (safety injection [S1] pumps). The pumps take
suction from the RWST and provida flow tothe RCS cold lags. Tha HPI system
provides sufficient water to keep the core coverad, The success criteria are
one-of-two 5l trains. HPI does not require service water or component
cooling water during the injection phase.

AIR-REC-SW-LT Success or failure to recover service water flow (and instrument air
pressure) within 60 minutes. Success implies instrument air supply is
recovered fo one feedwater reguwlating bypass valve and one sfeam
generator atmospheric dump valve allowing secondary cooling to be
initiated. Failure implies that service water flow or instrument air pressure
was not recovered within 60 minutes,

Fwi Success orfailure to initiate secondary cooling via main feedwater system
and steam generator atmospheric dump valve, Success implies that
operafors are successful in recovering main feedwater flow to a least one
steam generator. Failure implies that main feedwater flow was nof
recovered. Recovery of service water flow to the instrument air or service
air compressors (and recovery of instrument air pressure) is required for
Fwi.

HPFR-5 Success or failure of high pressure recirculation. Success requires the HPI
pumps to take suction from the discharge of the RHR pumps and deliver the
water to the RCS. HPR will provide long-term cooling for the reactor given the
HFI systam was successful in supplying early makeup water to the reactor.
HPR is required if regidual heat removal cannot be established. The decay heat
will be removed from the containment sump by the RHRE pump train heat
exchangers. An operator action is requirad to align the RHR pump dischamgeato
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the HPI pump suction and verify that the containment sump valves are open and
the RWST suction valves are closed. The success criteria are one-of-two SI
trains and one-of-two RHR trains. Recovery of service water flow to
component cooling water is required for RHR and HPR.

2.9.2.2 Event Tree Structure Philosophy

The event tree structure is used to represent the interactions among three functional event
groupings. The first grouping is reactor shutdown as represented by the BT top event. The naxt
grouping is early decay heat removalinventory control as represented by the AFW, MEAST, BLEED,
and HP| events. The final event grouping is late decay heat removallong-term cooling as
representad by the AFW, MEA=F FWI, and HPR events.

short-term inventory control is only necessary if the loss of service water event caused an
RCP seal leak or the RCS pressure to lift a PORV and the PORV failed to reclose on decreasing
prassure. The HPI system will mest the need for short-term inventory control. For early decay heat
ramaval, eitrrere AFW ar-iPAsystema can be used. |f batls AFW anabdPA-are s unavailabla,
then feed and bleed cooling Is required to remove the decay heat, Feed and bleed cooling reguires
a single PORV o be cpened to remove the decay hieat and the HPI pumps to supply makeup water
to the RCS. However, service waler flow to the instrument air or service air compressors
and recovery of instrument air pressure is required to initiate feed and bleed cooling.

Late decay heat removal can be established and the plant placed in a stable condition by the
AFW ar-tiy systems provided there was no stuck-open PORVY or RCP seal LOCA. However,
if AFW ard-iiE-were was unavailable and feed and bleed was utilized for early decay heat
removal, then lang-term cooling can be established by either FWI or HPR. HPR can be used for
long-term cooling provided service eoating water is recovered. FWT cam be used for cooling if
service water flow fo the instrument air and service air compressors (and recovery of
instrument air pressure) has occurred. Without the successful recovery of the cooling water
system, long-term cooling using FW! or HPR is rendered unavailable.

A stuck-open PORY or RCP seal leak will require the use of HPR for long-term cooling. For
HPR success, cooling water must be recovered in order to provide cooling to the component
cooling water system which provides cooling to the RHR pump train dedicated heat exchangers and
pump ofl coolers, HPR is the primary method for long-term core cooling. For HPR success, the
FHRE pumps need to take suction from the containment sump and cool the water by passing it
through their dedicated heat exchangers. Once the sump water is cooled, it is discharged to the
suction of the HPI system pump trains, Long-term cooling success requires both the RHR pumps
and HPI systems to operate in a piggy-back mode. It is assumed that the RHR pump train heat
exchangers will remove not only the decay heat from the RCS, but also the decay heat rejectad to
the containment by the opened PORVs orthe RCF seal LOCA. Therefore, containment spray or
containment fan coolers are not guestionad for the Level 1 analysis.
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Table 2-1. Point Beach Unit 1 and 2 success criteria (changes in bold).

Inventory control Decay heat removal
Frribigrber - - — = —
Injection Recirculation Early Late
Phase Phase
Loss of Insfrumant Aar (1A) 1 5l tradn 1 31 frain 1 AFVY frain 1 AFYV train
and or ar
1 RHR train’ MPW MFW’
-, o
(1 PORVT and (1 &l train and
1 5l train) 1 RHR train’)
Loss of Service Water | 1 5l train 1 Sl train 1 AFW train 1 AFW train
(W) and or of
1 RHR train’ MFW” MEw
r.d or
{1 PORV " and {1 81 train and
1 &l train) 1 RHR train”)
Motag:
1. The RHR pumps are used in high pressune recinculation b provide suction to the HP| purnps in & p.rggr-hal:l-:
made (known as high-pressure recirculation or HPR)
2, The RHR pumps are uead for shutdown cooling.
T Main feadwater (MFW) and pressurizer power-oparated relief vahe (PORV) avallable on the recovery of

service water and instrument air compressors, Service waber required for caaling of condensate and

main feed pumps and alr compressors at Polnt Beach.

generater atmesphere dump valves, and feed regulating bypass valves.
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Table 2-2. Point Beach Unit 1 and 2 avent tree linking rules.

Evant Ftle Comments
Tres
LOA, 1. If alwanys then apply flag  This rule is a dynarmic flag sef rule which adds the flag set
set FLAG-LOIA FLAG-LOIA lo those accident sequences meeting the
criteria. Information abaut this flag set is discussed in Table
2-3.

2. If abways then PORV is Cwring & LOLA event the condenser will be unavailable, With
PFORN-L, and /PORV is the condensar unavailable, the likelihood of PORVS lifting =
MPORV-L, increased. I iz assumed that the likelihood of liftis simdar

to that expenenced during a LOOE evant,

3. If CHG-CNTRL fails, During a LOIA evant where operators fail to control charging

then PORV-RES is o reestablish leidown, the PORVE are expected fo pass

PORM-A, and /PORN- liquid as pressurizar leval increases. This rule increases the

RES is /PORV-A, plihood of failune o reclose in this situation.

LOSWS 1. falways then applyflag  This rule iz a dynamic fiag set rule which adds the flag set

sl FLAG-LOSWS FLAG-LOSWS to those accident sequances measting the
critaria. Information about this flag ==t is discussed in Table
2.3,

Table 2-3. Point Beach Unit 1 and 2 seguence flag sets.

Flag ==t HAition Comments

FLAG-LONA Lol HE-AFW-LOIA, PPR- Thiz flag st sctivates the dependency of AFW
SRV-00-5RW1 and PPR- recin: vahmas on instrument air. It also sats the
SRV-D0-SRVZ lo TRUE pressunzer safaly failures precipilated by passing
liquid te ignore. The safeties ars nod expeciad o
pass wader in this scenario.

FLAG-LOSWS Sat HE-LOSWS o TRUE This flag sel sels the SWS system to TRLUE io
evaluate he initizling event,

59



LER 266/01-005

LOIA - Point Beach 1&2 PWR B Loss of Instrument Air
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Figure 2-T Loss of Instrument Air Event Tree
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Figure 2-8 Loss of Service Water Event Tree
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3. FAULT TREE MODELS

Six fawlf irees were added fo represent everts for recovening instrument air or service waler;
AIR-REC-LT, AIR-REC-MT, AIR-REC-5T, AIR-REC-SW-LT, AIR-REC-SW-MT, and AIR-REC-
SW=ST. One fawl free was added to represent feed walter injeciion: FIAY. The fawlf free for the AFW
system was modified (o remove developmen! for the AFW pumps’ recirculation valves. The
modified support sysfem dependency matnix is shown in Figure 3-1. Table 3-2 Fsfs the faulf iree
flag sef and house events. The graphic representations of each new or modified fault tree are
included in Appendix A.

3.1 Fault Tree Modeling Guidelines
The following guidelines have bean used in developing the SPAR system models:

1. Only failure of major components (pumps, valves, heat exchangers, etc.) identified in the
system P&IDs will be considerad (i.e., no pipe ruptura), Also, only hardware, human arror,
and common mode failures will be considerad.

2. Spurious actuation or trip events are not modeled. This includes the spurious opening or
closing of boundary valves and full-flow test line isolation valves during the course of the
system demand.

2. Failure of the automatic actuation cireuitry is modeled as a single basic event, if deeamed
nacessary.

4 Pre-accident human ermors, such as miscalibration, misalignment, etc. are included as an
element of demand failure probabilities (e.g., a pump fails to start event).

5  Small diversion paths such as sample lines, small relief vales, vent lines, etc. that ane
emaller than cne-third the main flowpath or have a flow-limiting orifice are not modeled, except
HPI minflaw valves are modelad in the HPR fault tree for administrative requiremants. Full-
flowe test line izolation valve failures are included in the pump supercomponent as a
mechanism for failing the pump (when system configuration allows and when not precluded
by items 2 and 5 above),

6. By-pass lines around heat exchangers are madeled for the cooling function but are not
considered for injection purposes.

7. Ingeneral, manual valves that are not expected to be operated are not medeled. However,
those manual valves modeled in Revision 2 will be left in their appropriate supercomponent
for completeness. The failure probability for manual valves not required to change positions
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will be setto nda. Manual valves that must change position are modeled, however, failura is
dominated by human emor.

8.  Common cause fallures are modelad for active components only, except for plugging of heat
exchangers. Common causa is only modeled for like components within a systam, nevear
across system boundaries. Commaon cause is modeled for the following: motor-operated
valves, air-operated valves, explosive valves, BWER safely reliefvalves, PWR PORVs, chack
valvas, pumps, heat exchangers, and diesal genarators.

%, Tanks are assumed to be filled to the minimum allowed by technical spacifications, This
amountis assumead to be sufficient for the required mission time, unless other information is
available. Forthe Refueling Water Storage Tank {RWST) or equivalent, the assumption is
that there is sufficient water for the injection phase,

10.  Valve failure basic events include the valve bady, the driver, local 1&C circuitry (mounted on
or near the valve), and limit switches. Valve rupture is not modeled. Plugging of valves is not
generally modeled. Exceptions include valves in dirty systems, valves known to have an
interval between flow tests of several years or more, and, based on engineering judgement,
vahwes that may be in a key location that can fail multiple trains or systams,

11. Heatexchanger (usually decay heatremoval heat exchangers) plugging avents are included.

12.  Pump failure basic events include the pump body, the driver, the controller and local 1&C
circuitry, and any local salf-contained cooling or lubricating systems.

13, Dieselgenerator basic events include all contributions to fallures to start orrun, These include
all support systems unique to the diesel generatar,

3.2 Fault Tree Model Notes and Comments

3.24 Auxillary Feedwater System (AFW)

1.  This fault tree is used in the Transient, LOOP, LDCO1, LOIA, LOCCW, LOSWS, and Small
LOCA, event treas whenaver reactor trip (top event RT) has been successful,

2. Soccessisdefined as one-out-of-two AFW pump traing (i.e., one motor-driven pump and one
turbine-driven pump) from Unit 1 or operator aligns the AFW metor-driven pump from Unit 2
dalivering water to at least one-out-of-two steam generators. Mission time is 24 hours.

3. Motincluded in the model:
1. Faillures of the testing/racirc line as a divergence.
2. Actuation signal failures,
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4,  Assumptions:
+ The mator-drivan pumps ara self-contained and require no room cooling nor baaring caaling.

» The motor-driven and turbine-driven pumps are dependent upon ac and de power for
ztarfing and contral.

» Room coeoling for the urbine-driven pump is also assumed not to be required.
» The auxiliary feedwater fault free models are based on Reference 3-1.

3.2.7 Bleed Portion of Feed and Bleed (ELEED)

1. This fault tree is used in the Transient, LDCO1, LOCCW, LOIA, LOSWS, SGTR, and Small
LOCA event trees whenever secondary cooling (i.e., AFW and MFW) is not available.

2. Success reqguirez an operator to open one-of-two power-operated relief valves (PORVS) 1o
create a blead path fo remove the decay heat. Success also requires a PORV to open along
with itz respective block valve if it is closed during full power operation.

3.2.0 Reestablish Letdown Cooling (CHG-CNTRL)

1. Thisfault traa i used during LOLA and LOSWS avents to reestablish letdown cooling after it

isolates on a loss of instrument air. (Loss of service water results in trip of the
instrument air and service air compressors and therefore a loss of instrument air
pressure.}

2. Buccess requires the operator to limit charging or to reestablish letdown cooling in time to
preciude cpening of the PORVs due to overfilling the RCS

3. Notincluded in the model:
+ Hardware failures associated with valve manipulations.

4, Assumptions:
» Hardware failures are negligible compared to fallure of the operator action..
* PORV opening dua to overfill results in passing of liquid and a subsequently higher PORWY
failure rate,

3.2.18 High Pressure Injection (HPI)

1. This fault tree iz used in all of the event trees except LOOF whenever reactor coolant
inventory is being lost,

2. Success raquires delivery of water from the RWST to the reactor vessel by one-out-of-two
Sl pumps. Mission fime is 24 hours

64



LER 266/01-005

3, Motincluded in the modal;
» Failure of HPI recirc line components (miniflow lines back to the RWST) as pump failure or
divergence.
= Actuation signal failures.,

4, Assumplions:
= HPI pump seal water cooling by the CCW is not required for injection.
* Room cooling is not required during injaction.
« Thesystermn is automatically actuated and support system dependancies include division A
and B ac and dc power.

* This fault tree model contains the fault tree flag set to switch ac power depandency from
onsite to offsite ac power.

3.2.20 High Pressure Recirculation (HPR)

1. This fault treeis used inall eventtrees except LOOP whenever HFI has been successful and
FHR is unavailable.

2.  Success requires delivery of water from the containment recirculation sump fo the reactor
veszel using at least one-out-of-two RHR pumps and one-out-0f-bwo 51 pumps. Mission time
is 24 hours,

3. Notincluded in the modal:
« Actuation signal failuras.
» Automatic switchovar to recirculation signal failures.

4. Assumptions:

« Failure to closa the RWST supply isolation valves will cause the HPI pumps ta lose suction
in the recirculation mode.

+ Anoparator action is required to align the discharge of the RHR pumps to the suction of the
=l and charging pumps.

» The pumps do not require room cooling for success.

* HPl pump seal water cooling by the CCW is required for recirculation.

* RHR pump seal water cooling and RHRE heat exchanger copling by the CCW s requirad for
recirculation.

» The support system dependencies include division A and B ac and dc power.

« This fault tree model contains the fault tree flag set to switch ac power dependency from
onsite to offsite ac power.

3.2.22 High Pressure Recirculation during LOCCW and LOSWS (HPR-5)

1. This fault tree is used in the LOCCW and LOSWS avent lrees whenever HP| has been
successful and RHR is unavailable.
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2. Success requires delivery of water from the containment recirculation sump to the reactor

vessel using at least one-out-of-two RHRE pumps and one-out-of-two S| pumps. Mission time
is 24 hours,

3, Notincluded in the model:
= Actuation signal failures.
« Automatic switchover to recirculation signal failures,

4. Aszumptions:

* Failure to close the RWST supply isolation valves will cause the HPI pumps to lose suction
in the recinculation mode.

= Anoperator action |s required to align the discharge of the RHR pumps to the suction of the
Sl and charging pumps.

* The pumps do not require room cooling for success.

* HPl pump lube oil cooling and bearing jacket cooling by the CCW is required for
recirculation.

* Thiz fault tree model contains the fault tree flag set to turn off the house event which fails
CCW and WS,

3.2.2T7 Mailn Feedwater during Non-Translents (MFW-NT)

1. This fault tree is used in the Small LOCA, LOCCW, EE5WS and SGTR event trees.

2. Success reguires that the system operates for 24 hours.

4. Assumption: The MPW system is narmally operating. Upon a safety injection signal, the
MFW system will isolate. The dominant factor in the system operability can be modeled by
an operator action to restore the MPW flow to the steam generators. Therefore, MFW and

condensate system hardware fallures are not explicitly modeled.

3.2.24 PORVs/SRVs Challenged (PORV)

1.  Thisfaultiresis usedinthe Transient, LDCOT, LOCCW, LOA, LOSWS event trees whenever
secondary cooling (top event AFW) has been successful.

2. Success means that no PORVs or SRVs opened during the transient. Failure means that at
least one PORY or SRV opened and reclosure must be considered in the event free.

3. MNote: This system contains the "I" process flag which allows for success logic to be quantified
in the accident sequences.
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3.2.38 PORVISRV Reclosure (PORV-RES)

1.

This fault tree is used in the Transient, LDCD1, LOCCW, LOIA, LOSWS, LOOP, and SBO,
and event frees.

Success requires closure of all open PORVs or PORY block valves and SR\/s on decreasing
plant pressure.

Operator action fo close the block valve for any PORV that fails to close is modeled. The
PORV block valve failures are modeled.

3.2 47-Recover Gooling Water {REC-SWS)

3.2.48 Residual Heat Removal (RHR)

1.

This fault treeis used in all event trees except Medium and Large LOCAS once RCS pressure
and temperature have been lowered to a point below RHR pump conditions.

Success requirez one-out-of-two trains of RHRE to operate and remove decay heat for 24
hours. Failure requires use of high pressure recirculation (top event HPR),

Interdack fallures are not included in the fault trea model.

Aszumptions:

« The pumps do not require room cooling for success,

+ RHR pump seal water cooling by the CCW is required for residual heat removal.

« CCW is also required for removing decay heat from the heat exchangers,

» The system is dependent upon division A and B ac and dc power.

* This fault traa model contains the fault trea flag set to switch ac power depandency from
onsite to offsite ac power

3.2.56 Reactor Trip (RT)

1.

This fault tree iz uzed in all event trees except the LOOP event tree.
Success reguires a sufficient number of contral rods to be inserted into the reactor core o

stop the nuclear chain reaction, Operator action fo manually scram the reactor is modaled.
The operator action includes failure to manually scram the reactor for those failures forwhich
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manual action can effect scram {i.e., electrical failures). Reactor Trip System fallures are
dominated by frip breakers and control rod drives.

3. Fallure of top event BT in the Translent event tree results in an Anticipated Transient Without
Scram (ATWS). The plant response is modeledin the ATWSE event tree, Failure of top event
ET in the other event frees is azssumed to result in core damage.

3.2.60 Recovery of Sacondary Cooling (SGCOOL)

1. This faultfreais usedin the Transient, Small LOCA, and LOOP event trees whenever offsite
power is available, This top event is asked when feed and bleed cooling has been successful.

2. Successreguires recovery of secondary cooling {either AFW or MIFW) to supply water to the
steam generators prior to initiating sump recirculation. Success also requires the PORVSs to
close after successful feed and bleed. Failure requires high pressure recirculation.

3.2.70 Service Water System [SWS)

1. These fault trees are support fault trees to the component cooling water, emergency diesel
generators and auxiliary feedwater systams.

2. Success requires three-of-six service water pump trains if turbine building loads are isolated
and four-of-six pumps if turbine building loads are not isolated.

3, Assumplions:
* There are a fotal of six pump trains that supply sarvice water to the service water header,
These pumps are shared betwaan the two units.
» The service water system supports the DGO and DGO2 emaergency diesal generators.
+ Thrae-of-the-six pump frainzs are running and providing cooling water to both Units.

3.2.71 Recovery of Instrument Air Pressure (AIR-REC-5T, AIR-REC-MT, AIR-REC-LT)

1. These fault trees are used in the LOIA event free and represent recovery of the
instrument air system within the specified time periods. The recovery events in fault
trees AIR-REC-MT and AIR-REC-LT are conditional events: AIR-XHE-RECOVERY-MT
is operator fails to recover instrument air pressure within 20 minutes, given that air
was not recovered within the short term (10 minutes); AIR-XHE-RECOVERY-LT is
operator fails to recover instrument air pressure within 60 minutes, given that air
pressure was not recovered within 20 minutes.

2. Success requires the operator to recover instrument air pressure within 10 minutes

{short term), within 20 minutes (medium term), or within 60 minutes (long term) so0
that feed and blead cooling or secondary cooling (feedwater injection) can be initiated.
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4.  Assumptions:

» AIR-REC-MT - Feed and bleed cooling must be inftiated within 30 minutes following
total loss of AFW flow. Because the PORVs reguire air to open, instrument air
pressure must be recovered before feed and bleed cooling can be initiated. If
instrument air is recovered within 20 minutes, then itis assumed that sufficient time
is available fabout 10 minutes) fo initiate feed and bleed cooling.

» AIR-REC-LT — Feedwater injection requires main feedwater flow fo the sfeam
generators be restored and a steam ganaerator atmospheric dump valve be opened.
Because the feedwater main and bypass regulating valves and steam generator
atmospheric dump valves require air to operate, instrument air pressure must be
recovered before feedwater ir:jeqﬁan can be initiated, Sfeam generators dry out in
about 56 minutes following the loss of feed. Core uncovery starts about 40 to 50
minutes (approximately] lafer. Thus, core uncoveryis expected fo begin af about 80
minutes if the AFW is initially not available (Ref. 3-5). (Core uncovery time is longer
for conditions where the AFW fails to run after filling the steam genarator following
reactor trip and the initial decay heat drop.) The latest time to start the procedure for
initiating main feedwater injection is assumed at 60 minutes. This assumes a
reasonable time of 30 minutes for implementing Critical Safely Procedure CSP-H.1
(REF. 3-6) before RCS voiding becomes too excessive and impacis operator
performance to recover secondary cooling before the reactor core is uncovered.

3.2.72 Recovery of Service Water Flow (AIR-REC-5W-5T, AIR-REC-SW-MT, AIR-REC-SW-
LT)

1. These fauli frees are used in the LOSWS event tree and represent recovery of service
water flow (and instrument air pressure] within the specified time periods. The
recovery events in fawlf irees AIR-REC-SW-MT and AIR-REC-SW-LT are conditional
events: AIR-XHE-RECOVERY-SW-MT Is operator fails fo recover service waler and
instrument air pressure within 20 minutes, given that service water and air was not
recovered within the short term (10 minutes); AIR-XHE-RECOVERY-SW-LT is operator
fails to recover service water and instrument air pressure within 60 minutes, given that
garvice water and air pressure was nof recovered within 20 minutes.

2. Success requires the operator to recover service water flow and instrument air
pressure within 10 minutes (short term), within 20 minutes (medium term), or within

&0 minutes (long term) so that feed and bleed cooling or secondary cooling (feedwater
injection) can be initiated.

3. Assumptions:

s AIR-REC-SW-MT — Feed and bleed cooling must be initiated within 30 minutes
following total loss of AFW flow. Because the PORVSs require air fo open, service
water flow and instrument air pressure must be recovered before feed and bleed
cooling can be initiated. If instrument air is recovered within 20 minutes, then it is
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assumed that sufficient fime is available (about 10 minutes) to initiate feed and bleed
cooaling.

» AIR-REC-SW-LT - Feedwater injection requires main feedwater flow fo the steam
generators be restored and a steam generator atmospheric dump valve be opened.,
Because the feedwater main and bypass regulating valves and sfteam generator
atmospheric dump valves require air to operate, service water flow and instrument
air pressure must be recovered before feedwater infection can be inilfated. Steam
generators dry out in about 56 minutes following the loss of feed. Core uncovery
starts about 40 to 50 minutes (approximately) later. Thus, core uncoveryis expected
to begin at about 30 minutes if the AFW is initially not available {Ref. 3-5). (Core
uncovery time is longer for conditions where the AFW fails to run after filling the
steam generator following reactor frip and the initial decay heat drop.) The latest
time to start the procedure for initiating main feedwater injection is assumed at 60
minutes. This assumes a reasonable time of 30 minutes for implementing Critical
Safety Procedure CSP-H.1 (Ref. 3-6) before RCS voiding becomes too excessive and
impacts operator performance to recover secondary cooling before the reactor core
is uncovered.

3.2.73 Feedwater Injection (FWI)

1.

This fault tree is used in the LOIA and LOSWS event frees and represents recovery of
main feedwater cooling in the evernt that instrument air is recovered and feed and blesd
cooling is not available.

Success requires the operator to initlate feedwater infection as a mechanism for
cooling the secondary plant.

Assumptions:

= The main feedwaler system has motor-driven condensate and main feed pumps. The
only air-operated valves in the condensate and feed systems associated with feeding
water from the condenser hot well to the steam generator are the feedwater
regufating valves. Both the main and bypass regulating valve are air-operated and
fail closed on the loss of instrument air pressure. To achieve feedwater injection,
multiple pumps and flow paths, many of which would have been operating at the
time of the trip are available for an injection path. Therefore, the failure to achieve
feedwater infection is dominated by the operator failing to accomplish the action of
apening the air-operated valves that failed closed. (Ref. 3-4)

* Critical Safety Procedure CSP-H.1, Response to Loss of Secondary Heat Sink (Ref.
3-6), provides instructions on restoring main feedwater flow to the steam generafors.
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Table 3-1. Point Beach Units 1 and 2 PWR B system dependency matrix.

4180V Component Cooling Service Instr.
AC Buses 125V DC Buzes Water Trains Water Air

Train 1A 18 2A, 2B 14 1B I 2A 2B A B
Auxiliary I MDP-3BA x X : | L
Feedwater: TOP | L

MDP-3BB i x X L
RHR Heat 1A _ ) I | | N X
Exchangers e | X
High Pressure SI-A B L I X ] *
Injection | si8 X % *®
High Pressure | SHA A | - * - X .
Recirculation S1B X X X
Low Pressure 14 X X x
Injection 1B X x ' Lox
Low Pressura 1A _ X - _ X ] I X
Recirculation 1B X X ! X
Rasidual Heat 1A X X X
Remaval 1B X X X
PORVSs" RC431C X" | X o b 4
RC-430 wt X
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4160 v Companent Cooling Service Insir,
AC Buses 125V DC Buses Water Trains Water Alr
1 ]
Train 14 1B 24 28 1A | 18 28 2B A B
DGO X Lol
£ | — S IS R —— _
mergency DGOz L] I i ¥ X
Powwar - ————T— - . ; - — . - -
DGO3 | X
D04 ’ X |
a a _l L] 1 N T -
GTOS
4160/480 vV AC 1A x
Div. B - ' -
iv. Buses |18 ¥
128V DC 1A X
Div. Buses | 18 %
Component 1A X X X
Cooling Water 1B X . % X
P32A X . '
- = T 1 E—
Service Water P1oB X
Systern  E— I S i |
Fazc X |
P3zho X i
Paz2E | X _
PagF | | ox
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4160 W Component Cooling Service Instr.
AC Buses 125Y DC Buses Water Trains Water Air
Train 1A 18 24 2B 1A 1B 24 2B A B
!

Instrument and | K24 x X
Service Air K28 ¥ : %
Compressors® — 1 1 B R _— I S

K3A X X

K3g | X X
a, Alternate supply
b. The PORV block valves require ac power {0 opan.
G The instrumant air system is not modeled, however, the PORVE require instrument air to open and AFW min-flow valves fail closed on a loss of instrument air.
L. Required after 4 hours for TDP bearing cooling and AFW pump suction water supply. Fire water is alternate supply.
X Complete depandancy.
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Table 3.2. Point Beach Units 1 and 2 PWR B fault tree flag sets.

flag Set _

Action

Comments

FLAG-5Y5-LOSP

FLAG-SYS-CCW-
SWS

Set LOSP-A and
LOSP-B to FALSE

Set CCW-HE and
SWS-HE to FALSE

This flag set changes the power
dependancies of the HPI, HPR, and RHR
fault trees from onsite emergency power
to strictly offsite ac power., By using
systemn flag sets, only one fault tree logic
model is reguired to handle ac power
depandancy in the LODOP and SBO fault
tree.

This flag set sats the compaonent cooling
water and nuclear service water systems
house events to FALSE (l.e., allows for
CCW and SWS to provide cocling water
to the HPIl and RHE pump trains for
injection and long-term muling}.
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4. BASIC EVENT DATA

Changes fo basic events are isled in Table 4-7. This section deals primarily with the
indepandant hardware faiure probabiliies, although human ermorprobabiliffes are included. Sachion
7 provides aadifional explanation of the human ermor probabillly calculations thal usss the ASP
human error refiabilily workshoets, Technical basis for each change are provided in Seclion 4.3,
References are provided in Seclion 4.4.

Table 4-1. Basic event data report.

Feilure | Migssion | Uncartalmty
Ewent Evenl Deacription Rate Tirre Dislribufion Dist Mean
Hama [fhr] [fr] Typa Param | Probakbility

ACP-XHE- Operatar fails fo recover 0,36
NOREC-BD alfsita power before babery

dizplefion
AlR-XHE- Operator fails fo recowver Lognormal 343 o.14*
RECOVERY-LT instrument air in long term
AlR-XHE- Operatar fails fo recover Lognormal 343 &.47
RECOVERY-MT insirument air in mediom

torm
AlR-XHE- Operator falls o mcover Lagwrormmal 43 o0.58"
RECOVERY-ST insfrumant air in short

fermm
AIR-XHE- Operater fails fo recover Logmormal 2.00 o.50°
RECOVERY-5W- | SW to fnstrument air in
LT Taimg term
AlR-XHE- Operator fails to recover Lognormal | .00 0.61°
RECOVERY-SW- S to instrument air in
MT mpdilinn ferm
AIR-XHE- Operator falis fo recover Lognormal 200 0.68"
RECOVERY-S5W- | 5W io instrumant air in
5T sfaet barm
IE-LOiA Initiating event frequency | S.0B-7° Ganmma 0.5

for logs of instrument air
IE-L OGNS Initiating event freguency | 4.5E-F° Gamma 05

for loss of service water
RCS-MDP-SEALS | RCP seals fail wio cooling 2.2e-1*

and Injection
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Table 4-1. Basic event data report (continued).

Failures | Miggion | Lincastainty
Ewvent Event Descriplion Rale Time Disbribudicn Dt Mean
Harne [ thr} Type Param | Probabiity
RCE-MDP- FCP seals fail wio cosling 2 2E1"
SEALE2 and infaction glven LOSWS
o LODEY

Moles:

4.34

Maodled npdate to incorporate T-hour battery depletion tims for Polnt Beach 1 and 2. For SB0 seguences,
elacirie power muat be recovered bafore battary deplefion. The actual fime for recovering offsite power
s azsumed fo be about 0.5 howr, which alfows 30 minutes for the operalor to perform the necessary
spstem recovery actions. The probabifity of not recovering offsite power, for fhe weighted average of alf
types of LOOPS, within 0.5 hour is 0,36 (see Tabie 6-1). Therefore, ACP-XHE-NOREC-BD was sel fo 0.36.
Values calcuplated. Soo soction 4.3,

To incorporate the Rhodes model, modifications to evenis were made in accordance with guidance
provided in Refs. 41 and 4-2. High temperafure seals were assumod fo be installed on all RCPs.
Therefore, RCS-MDP-SEALS and RCS-MDP-SEALSZ were sof fo 0.22. Based on the Rhodes model, the
time available fo prevend core damage by high pressure infaction if RCP seals fail is 4 hours. Howaver,
for all SBO sequences, alectric power must be recovered before battery depletion, witich i$ assumed o

oocur i 1 howr. Because Point Beach has 1-hour batferies, the modifications fo fop events in the 580 troe
were not needea.

4.3 Technical basis

Total loss of instrument alr frequency (IE-LOIA)

a. Data sources. In NUREGICR-5750, Rates of inltiating Events at U5, Nuclear Power
Flants (Ref. 4-3), the analysis of loss of instrument air concluded there was a significant
difference between reactor types (both statistical and engineering). Thus the
NUREGICR-5750 estimate applicable to Point Beach is based on LERSs imvolving loss of
instrument air in pressurized water reactors (PWREs) only. The PWR UFSARSs wera
reviewed to determina which multi-unit sites have shared instrumant air systems, meaning
that one event can cause a dual unit loss of instrument air. These sites wera counted as
a single unit for the purpese of determining the loss of instrument air frequency. For this
condition assessment, a frequency estimate for loss of instrument airwas developed that
is based on events identified in MUREGICR-5750 and updated foinclude LER data through
2001, A search of the Sequence Coding and Search System (SC55) database was

conducted to select LERs invalving failures in the instrument air system for the years 1996
through 2001.

b. Review criteria. Events were rejected using the following criteria:
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* Loss of instrument air was due to logs of electric power to air compressors following a
LOOP (to be accounted for in the dual LOOP frequency calculation)

* Loss ofinstrument air only involved a local loss of air pressure to selected components
(I.e., system-wide instrument air systam pressure was not affected)

« Recovery ofinstrument air was instantaneous due to automaticisolation of the fault (e.g.,
automatic isolation of instrument air system from faulted service air)

+ Loss of instrument air pressure did not result in @ manual or automatic reactor frip

c. Reswits, Table 4-2 lists the 20 events reviewed and presants brief descriptions of the
causes of loss of instrument air, affected components, a disposition of each event, and
whether the loss of air was recoverad and the length of time required. One LOLA evant
was calculated for each plant trip caused by a LOIA that met the review criteria above,
Some plants, such as Point Baach and Braidwood (see LER 358/B8-025 in Table 4-2),
have a single instrument air systems sharad between two plants. The review yielded the
following results:

= Six evants confribute fo the overall fraquency for loss of instrurment air {loss of service
water events are handled separately and are addressed later in this saction).

= Four of the six events were recovered within 4 minutes of a reactor trip: 400/87-041,
280/90-006, 285/20-028, and 306/96-002.

« The rernaining bwo events wene recovered within 30 minutes of a reactor trip: 317/87-003,
and 456/88-025.

d. Freguency calculation. LOIA events can effect one unit or several units at a site with a
shared Instrument air system, Therefore, the operating experience was fabulated on aper
Instrument air system basis. In otherwords, experience at sites with a shared Instrument
air system was tabulated on a per site basis, and experience at single units and on sites
with generally iIndepandent Instrument air system was tabulated on a per unitbasis. This
was done to ensure that the nurmeratar of the frequency calculation (events) is consistent
with the denominator (critical years), The operating experence for PWRs during
1987-2001, as tabulated in Table 4-3, is 624 critical years." Therefore, subtracting Point
Beach's 12 4 critical years from the denominator, the estimated industry mean frequency
for LOIA is:

otal reacior cifical years for the years 1987 thraugh 2001 |8 624 yr for all PWRe and 12 yrs for Palm Beach.
Data was providad by kdaks Nations! Engimeening and Environmantal Laboratary, BMulti-unit sibes with shared
irslrumient &i systerms e counled as singhe units as shawn in Table 4-3. Reactor crilical yeers wes calculated
fram reactar critical howr data for the yaars 1887 throagh 2001, compiled fram e manthly operating reporfs filed
by aach plant. Data are included from crilical dete wntdl parmanent shutdown, Dista for FL 54 Visin was excluded.
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Foo = BI(624-12 4) yr = 9.8E-30yr or 1.1E-&/hr

The constrained non-informative prior distribution (Ref. 4-3) was used to a more diffuse
prior to account for differencas amang Instrument air systems. The distribution is given

by

Gamma(e, f) = Gammn[ﬂﬁ, : ]

I

The gamma distribution parametars of tha prior are a=0.5 and f=52.0. Performing a
Bayesian update on the above distribution with Foint Beach's 124 operating years without
a LOIA event, the mean LOIA frequency for Point Beach is 7 8E-34r or S.0E-T/hr. The
gamma distribution parameters of the posterior are a=0.5and B=63.4. The 5" percentile
of this distribution is 3. 1E-5/r and tha 85" percentile is 3.0E-24yr. The caleulations, which
were done with Microsoft Excel, are shown in Table 4-4.

4.3.2 Total loss of service water frequency (IE-LOSWS)

a. Datasources. Due to the rare occurrence of total loss of service water events resulting
ina reactortrip, the 1960-2001 U.5. operating expenence was reviewed for such events.
Sources reviewed included:

« ASP database (1969 — 2001)

+ SCSS database (1996 — 2001)

+ AEDDVSE8-01 (1988 — 1995) (Ref. 4-4)

« NUREG-1275, Vol.3, (1980 — 1885), (Ref. 4-5),

b. Review criferia. Events were rejected using the fallowing criteria;
+ Total loss of zervice did not result in a manual or automatic reactor trip
- Total loss of service occurring several hours fallowing a reactar trip
+ Failure mode can not result in a total 055 of service water at Paint Beach,

c. Results. No total loss of service water events were discoverad in the 1987 — 2001
operaling expenence. Information about events that occurred before 1887 is not always
adequate to apply the review criteria. Based on this and the operational changes
throughaout the years, this clder data was notused. There is no indication in the older data

that loss of service water frequency is significantly higher or lower than the estimates
provided below
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d. Frequency calculation. The total operating experience for PWRs and BWRs during
1887 — 2001, as tabulated in Table 4-5, is 1257 site critical years, Thereforne, using the
Jeffries prior distribution parameters ofthe gamma distribution are o=0.5 and B=0, and the
parameters of the posterior are o=0.5 and B=1257. The estimated of tha mean freguency
for loss of service water is:

Floew = 051257 1yr = 4 0E-4lyr or 4.5E-8ihr

The 5" percentile of this distribution is 1.6E-8fyr. and the 85" percentile is 1,5E-3/yr. The
calculations, which were done with Microsoft Excel, are shown in Table 4-6.

4.3.3 Probabilities for recovery from loss of instrument air

Faollowing loss of instrument air pressure and failure of the AFW pumps (due to the
dependency of their recirculation valves on air), the operators could recover air pressure and initiate
feed and blead coaling, or secondary cooling, thus avaiding core damage. The frequency estimates
for the initiating event LOLA (see Section 4,3.1) does natinclude recavery, The LOIA model includes
recovery of instrument air pressure in the short term (i.e., before the AFYW pumps fail, in the mid-
term (i.e., in time for the operators to initiate feed and bleed cooling before core damage would
accur) and in the long term (iLe., in time for the operators to initiate secondary cooling using the
MFW system).

Failure to recover instrument air before AFW fallure [AIR-XHE-RECOVERY-5T).
Considering a post frip overcooling transient as mast imiting, an operator may secure AFW
flow within first few minutes of a reactor trip. Had the minimum recirculating valve been in the
closed posifion due to low instrumeant air pressure with the AFW pumps running, the pumps
wiould have failed within 1 to 2 minuies (Ref. 4-6). An actual reactor trip at Point Peach
resulted in RCS overcooling and the closure of all AFW pump injection valves within 4 minutes
of a reactor trip.

Failure to recover instrument air before last chance for effective feed and bleed cooling
(AIR-XHE-RECOVERY-MT). One pressurizer PORV is needad for feed and bleed coaling,
The recovery of instrument air pressure and initiation of feed and bleed must be completed
within 30 minutes following the loss of AFW. Recovery of instrument air pressure and
initiation of feed and beed must occurwithin 30 minutes following loss of AFW flow to prevent
coredamage, Instrument air pressura and, thus, feed and blead capability could be restored,
even if the AFW pumps are falled. The recavery event in fault tree AIR-REC-MT is a
conditional event: AIR-XHE-RECOVERY-MT is cperator fails to recover instrument air

pressure within 20 minutes, given that air was not recoverad within the short term (10
frinuies).
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Fallure to recover instrument air before last chance to initiate main feedwater (AIR-
XHE-RECOVERY-LT). Steam generators dry out in about 56 minutes fallowing the loss of
feed. Core uncovery starts about 40 to 50 minutes (approcimately) later, Thus, core uncovery
is expected to begin at about 20 minutes if the AFW is initially not available (Ref. 4-7). Core
uncovery time is longer for conditions where the AFW falls to run after filling the steam
generator following reactor trip and the initial decay heat drop. The latest time to start the
procedure for initiating main feedwater is assumed at 60 minutes. This assumes a
reasonable time of 30 minutes for implementing the EOP (CSP-H.1) before RCS voiding
becomes too excessive and impacts operator performance to recover before core uncovery.
The recovery event in fault tree AIR-REC-LT is a conditional event AIR-XHE-RECOVERY-LT

is operator fails to recover instrument air pressure within 60 minutes, given that air pressure
was not recovered within 20 minutes.

a. Datasources. Recovery from the LOIA eventis based on ananalysis of U.S. operating
experience between 1287 and 2001. Events used to develop the LOIA frequency were
also reviewed to determine whether instrument air was recovered and the time require to
recovery air pressure. LERs used are described in Table 4-2.

b. Results. The data used to estimate the loss of instrument air frequency (due to
equipment failures) uliimately included six LERs, Each of these LERs was reviewed o
determine the recovery time for instrument air. Table 4-7 lists the recovery time for each
event. Results for the recovery events are as follows,

= Failure to recover instrument air before AFW failure (AIR-XHE-RECOVERY-ST).
The LOlA event ree has the top event AIR-REC-5T, "Recovery of instrurment air within the
short term.” A review of the 1987-2001 U_S. operating expenence shows that 4 out of &
initiating events involving the total loss of instrument airwere recovered within 10 minutes
after the start of air depressurization. In addition, recevery actions were slarted before the
reactor trip and instrument air pressure restared within 4 minutes following the reactor thip

These events were caused by ongoing maintenance activities. With control room
annunciation of low air pressure and the awareness of ongoing maintenance on the
instrumeant air systam, the majority of failures seen in the operating axperience can be
racovered guickly. Although, the operators may not be aware of the limitation of the AFW
pump recirculation valves, prompt action to restore air pressure would be taken to prevent
a plant trip.

« Failure to recover instrument air before last chance for effective feed and bleed
cooling (AIR-XHE-RECOVERY-MT). The LOIA event tree has the top event AIR-REC-
MT, “Recovery of instrument air within 20 min," which is a conditional probability of non-
recovery given failure to recover instrument air within the short term (a previous recovery
event that appears earlier in the LOIA event tree.) A review of the 1887-2001 U.S.
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operating experience shaws that all six initiating events invalving the total loss of
instrument air were recoverable within 30 minutes,

» Fallure to recover instrument air before last chance to initiate main feedwaler (AIR-
XHE-RECOVERY-LT). The LOIA eventiree has the top event AIR-REC-LT, “Recavery
of instrumeant air within 80 min,” which [s a conditional probability of non-recovery given
failure to recover instrumant air within 20 minutes (a previous recovery event that appears
earlier in the LOIA avent trea). A review of the 1987-2001 U.5. operating experience
shows that all six initiating events invalving the total loss of instrument airwere recoverable
within 20 minutes.

. Calculations. The recovery imes shown in Table 4-7 were fit to alognormal distribution
with the parametars p=153 and o=13.3. From thiz distribution, the non-recovery
probabilities were calculated as shown in Table 4-8. The P-value for the fit to a lognarmal
distribution is 0.8678. Note that no events took longer than 20 minutes ta recover the
Instrument air system, so any analysis of recovery beyond this time requires an
extrapolation. The first recovery event in the LOIA event tree, recovary of instrument air
within the short term (AIR-XHE-RECOVERY-5T) is 0.58. The second recovery eventin
the LOIA event free, recovery of instrument air pressure in 20 minutes (AlIR-XHE-
RECOVERY-MT) is 0.17. The third and final recovery event in the LOIA event tree,
recovery of instrument air in 60 minutes (AIR-XHE-RECOVERY-LT) is 0.14.

4.3.4 Probabilities for recovery from loss of service water

Following loss of instrument air pressure and failure of the AFW pumps (due to the
dependency of their recirculation valves on air), the operators could recover air pressure and initiate
feed and bleed cocling, orsecondany cooding, thus awoiding core damage, The frequency estimatas
for the initiating event LOSWS (see Section 4.3.2) does notinclude recovery. The LOSWS model
includes recovary of service water fiow (and instrument air pressure) in the short term (i.e., before
the AFW pumps fail, inthe mid-terma (e, Intime for the operators toinitiate feed and bleed cooling
before core damage would occur) and in the lang term (e, in time for the operators to initiate
secondary cooling using the MFW system). The LOSWS analysis assumed that the aperator

guicklyrecognizes the need for and starts an instrument air compressor once sarvica water cooling
is restored.

Failure to recover service water before AFW failure (AIR-XHE-RECOVERY-SW-ST).
Considering a post trip overcoaling transient as most limiting, an operator may secure AFW
flow within first fesw minutes of a reactor trip. Had the air to the minimum recirculating valve
been in the closed position due to low instrument air pressure (following trip of the
compressors on loss of sarvice water cooling) with the AFW pumps running, the pumps
would have failed within 1 to 2 minutes (Ref. 4-6). An actual reactor trip at Point Peach
resutted in RCS overcooling and the closure of all AFVW pump injection valves within 4 minutes
of a reactor trip.
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Failure to recover service water before last chance for effective feed and bleed cooling
(AIR-XHE-RECOVERY-SW-MT). One pressurizer PORV is needed for feed and bleed
cooling. The recovery of service water flow (and instrument air pressure) and initiation of feed
and bleed must be completed within 30 minutes following the loss of AFW. Recovery of
instrument air pressure and initiation of feed and bleed must occurwithin 30 minutes following
loss of AFW flow to prevent core damage. Instrument air pressure and, thus, feed and bleed
capability could be restored, even if the AFW pumps are failed. The recovery event in fault
trea AIR-REC-SW-MT is a conditional events: AIR-XHE-RECOVERY-SW-MT is cperator fails
to recover service water and instrurment air pressure within 30 minutes, given that service
walfer and air were nof recoverad within the short ferm (10 minutes).

Faillure to recover service water before last chance to inftiate main feedwater (A/R-XHE-
RECOVERY-SW-LT). Steam generators dry out in about 56 minutes following the loss of
feed. Core uncavery staris about 40 to 50 minutes (approximately) later. Thus, core uncovery
is expected to begin at about 90 minutes if the AFW is initially not available (Ref. 4-7). Cora
uncovery time is longer for conditions where the AFW fails to run after filling the steam
generator following reactor tip and the initial decay heat drop. The latest ime {o start the
procedure for initiating main feedwater is assumed at 60 minutes. This assumes a
reasonable tima of 30 minutes for implameanting the EOP (C5P-H.1) before RCS voiding
becomes too excessive and impacts operator performanca to racover bafore core uncovary.
The recovery event in fault tree AIR-REC-SW-LT is a conditional event; AIR-XHE-
RECCWERY-SW-LT is aperator fails to recover service water and instrument air pressure
within 80 minutes, given that senvice waler and &ir ware not recoverad within 30 minutes.

a. Datasources. Recoveryfrom the LOSWS event is data from AEQDVS88-01 (Reference
4-43

b. Results. AEODVS5598-01 broke SWS events into & categories. The three most severe
categories are of interest Category 1 - actual total failure of SW'5, Category 2 - actual total
failure of SWS - conditional, and Category 3 - potential total failure or degradation of SWS.
Ma Category 1 events occurred, 8 Category 2 events occurrad, and 38 Catagory 3 events
occurred, Category 2 evenis are defined as a complete fallure of all redundant WS
trains, where recovery occurred, or is judged could have occurred within the tima
necessary to avoid degradation or failure of safety systems. Category 3 are polental
failures or degradation of all redundant SWS trains, but no actual or conditional total failune.
This category includes events in which equipment is declared inoperable, but stll
functioning.

According to AEQDVS88-01, Category 2 events included 5 personneliprocadural ermors,
2 designfseismic deficiencies, and 1 each biofouling, corrosion/erosion and foreign
material/debris. The report states that recovery time for these events that occurmed dunng
operations was usually less than ¥ hour. The events that coccurred during shutdown took
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miuch longerto recover, but that is mainky dus to the amount of eguipmant that can be out
of sarvice during shutdown and the comparative lack of urgency.

According to AEDDMSEE-01, Categary 3 events included 16 dasigndseismic deficiencias,
9 parsonnelfprocedural emors, & Diofouling, 3 silt and sedimentation, 3 comosionferosion
and 2 foreign materal/debris. The 16 design/seismic defickencies are too hypothetical to
make a guaniitative estimate or qualitative judgement about recovery. The breakdowm of
the remaining events is statistically very similar to the Category 2 breakdown, sothey are
included in the recovery analysis,

Hypothetically, a Category 1 event or an actual LOSWS event could occur. The category
2 and 3 events provide a8 surrogate data set of recovery actions and time estimates that
are considered to be applicable to this hypothetical Category 1 event. The recowvery
estimates focusz on the nature of the failed equipment, and ignore the operational
equipmeant that made these events conditional (Category 2) or potential (Category 3).
Focusing on failed eaguipment rather than available back-up eqguipmeant makes the analysis
more conservative. However, the use of surrogate events rather than real loss of service
water events could make the results consarvative or non-consarvative. Owvearall, tha
analysis should be regarded as the best estimate, but there is a high level of uncartainty.

Failure to recover service water before AFW fallure (AIR-XHE-RECOVERY -SW-3T).
The LOSWS event tree has the top event AIR-REC-SW-3T, "Recovery of service water
within the short term.” A review of tha 1585-1995 LS. operating experiencs shows that
2 out of 26 initiating evants involving conditional ard potential losses of service water wene
racovearaed within 10 minutes aftar the loss of sarvice water.

Thess events were generally causad by systerm misalignmeant, often accompanied by
angoirg maintenance activities. With confrol room annunciation of loss of service water

and the awareness of ongoing maintenance on the system, these faillures were recovered
quickly.

Failure to recover service water before last chance for effective feed and bleed
cooling (AR-XHE-RECOVERY-SW-MT). The LOSWS eventtree has the top event AlR-
REC-SW-MT, "Recovery of service waterwithin 30 min,” which is a conditional probability
of non-recovery given failure to recover service water {and instrument air pressure) within
tha short tarm (@ recovery event that appears earlier in the LOSWS eventtree). A review
aof the 1986-1985 U5, operating experience shows that four events invalving tha
conditional and potential losses of service water were recoverable betwean 10 and 30
minutes after the event. These evenis generally involved simple aclivities oulside tha
contral room, such as shifting strainers or operating valves,

Failure to recover instrument alr bafore last chance to initiate main feedwater (AlR-
XHE-RECOVERY-SW-LT). The LOSWS event tree has the top event AIR-REC-3W-LT,
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"Recaovery of service water within 60 min,” which is a condifional probability of non-
recovery given failure to recover service water (and instrument air pressura) within 30
minutas (a recovery event that appear earlier in the LOSWS event tree). A review of the
1986-1985 U 5. gperaling experience shows that six events involving the potential or
conditicnal loss of service waler were recoverable between 30 minutes and 80 minutes,

These evenis involved simplae and moderately complicated activities outside the control
room, and could include some diagnosis.

c. Caleculations. Table 4-9 gives a breakdown of the esiimated times to solving the actual
Service Water system problem. Each event was individually analyzed for recovery, the
notes in Table 4-9 are the general rules applied fo estimate recovery times. Tha
uncertainties are guite high because the data used is not actually total LOSWS events.
Table 4-10 gives a summary of the results of the analysis.

The first non-recovery event in the LOSWS event tree, recovery of service water and
instrument air pressura within the short term (Al H-KHE-HEE'TJEHY-EWﬁTJ is0.88. The
second non-recoveny event in the LOSWS event tree, recovery of service water and
instrument air pressure in 30 minuies (AIR-XHE-RECOVERY-SW-MT)is 0.83. The third
and final recovery evant in the LOSWS event tree, recovery of sarvice water and
instrument air pressura in 80 minutes (AIR-XHE-RECOWVERY-SW-LT) is 0.68, The
uncertainty of these events is best modeled using a lognormal distribution with an error
factorof 2, based on the rules explained in Section B,3.3.4 of NUREG/CR-6144, the Surry
Shutdown PRA.
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Table 4-2. Loss of instrument air event summaries.

Affected
LER No. Description Component Disposition Recovery
3T7/8T-003 Operator inadvertently isolated Instrument air header from Piping Keep for fraquency Walve manually openad 25
(Calvert Cliffs 1) compressors resulting in loss of air pressure. Reactor assessment min after being closed, 16
manually tripped 9 min later on decreasing steam genarator min after reactor trip
levels
346/87-015 Solenoid valve failed resulting in flow path of air to atmosphare Dryer Reject - local loss to MA,
(Davis-Bessa) on Instrument air dryer causing low Instrument air pressure. salected compaonants
Reactor automatically tripped 13 min later. Dryer isolated 31
min after failure, 18 min after reactor trip. Lowest instrument air
pressure was 74 psig
365/87-021 Lass of affsite power (LOOP) resuliing in loss of power to Compressors Reject - LOOP MA
(MeGuire 1) compressors. Power restored and compressors returned to
normal service about & min after loss of power. Loss of air is
result of LOOP which is analyzed as LOOP event
400/87-041 improper alignment of valves following returm of dryer to Diryar, valvas Keep for frequency Instrument air recovered by
service, Low Instrument air pressure led to FW transient and assessment time of trip (=1 min}.

(Shearon Harris)

reactor scram, Valve lineup corrected and Instrument air
pressure recovered 4 min after error, same fime reactor trip
occumed

424/88-043 Yalve on SA dryer failed to close allowing open path to Dryer, valves Reject - auto-isolation NA
Mogtle 1) atmosphere causing low SA and Instrument air pressure, protected safety-related
Instrument air automatically izclated from 5A and turbine equipment
building loads resulting in FW problems. Reactor manually
tripped on decreasing steam generator levels. Total loss of
Instrument air pressure did not ocour
458/88-025 Coupling faifure on Instrument air header piping. Loss of air Fiping Keep for frequency Mo time given when line
(Braidwood 152) pressure leading to FW transient and manwal reactor scram assessment isolated, Assume air
recovery between 10 and
B minutes,
457788019 Manual closure of Instrument air valve supplying Instrument air Valves Reject - local loss to MNA
(Braidwood 2) to various FW heater drain valves. FW transient and manual selected components

reactor scram, Local loss of Instrument air to companents. Not
a total loss of Instrument air system pressure
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Affected
LER No. Description Component Disposition Recovery
247/88-002 Failed 0.5-in solder joint on air connaction to valve air Piping Reject - local loss to MA
{Indian operator. Level control valve on FW heater drain tank failed selected components
Point 2) open resuliing in low level in drain tank and trip of drain tank
pumps. Manual load rejection couphed with FW transient
resulted in reactor trip on overpower/delia T. Local loss of
instrument air only
301/89-002 Loss of power event (bus undervoltage) resulted in trip of Compressors Reject - LOOP s
(Point running compressor. Standby compressor was out of service
Beach 2) for maintenance resulting in loss of Instrument air. Loss of air
is result of LOOP which is analyzed as LOOP event
2BO/50-006 Following loss of power to a 4160 V bus, Instrument air dryer Diryer Keep for frequency Instrument air system
{(Surry 1) failed allowing air to vent to atmosphere causing loss of assessment recovered § minutes after
Instrument air pressure. Reactor was manually fripped. Dryer failure, about 2 minutes
manually bypassed about 8 min after failure, 2 min after reactor after reactor trip
trip
285/90-026 Failed pipa |oint on turbine bullding Instrument air headar Piplng Keap for frequency Instrument air system was
{Fort resulted in low Instrument air pressure and FW transient, assessment - cannot recoverad 4 minutes after
Calhoun 1) Reactor manually tripped 6 min later. Leak manually isolated determine if pressure was the: trip.
10 min after failure, 4 min after reactor trip. Lowest instrument adeguate for safety system
alr pressure was 74 psig operation.
270/82-004 LOOP event resulting in loss of power to compressors. Loss of | Compressors Reject - LOOP MNA
(Oconee 2) Instrument air occurred after scram. Loss of air is result of
LOOP which is analyzed as LOOP event
32TE2-018 Water infrusion in non-essantial air lines lead to low system Receivers, piping Reject - auto-isolation MA
{Sequoyah 1) pressure and main FW reg. valve failure. Resulting FW protected safety-related
transient caused turbine and reactor trip on high steam aquipment
generator level. Essential air system automatically isolated
from non-essential air system. Essential air system not affected
530/92-001 Solder joint failure on Instrument air valve drain line resulting Piping, valves Reject - local loss to NA
(Palo Verde 3) in loss of Instrument air pressura to FW pumps’ recirculation selected components

valves causing them to fail open. Manual frip of a FW pump
caused power cutback and reactor scram. Low instrument air
pressure was localized
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Affected
LER Mo, Description Component Disposition Recovery
244/95-002 The Instrument air system isclated to containment due to air Piping Reject - did not cause a trip MA
(Ginna) leak inside containment, SG levels fluctuated significantly due
to loss of air, but were controlled manually to prevent a trip. Air
operated equipment in containment (several valves and
dampers) went to fail-safe positions.
306/96-002 Instrument air dryer purge exhaust valve failed to close during Walves Keep for frequency Instrument air was
(Prairie a drying cycle while one instrumant air compressor was out of assassment recoverad shortly after the
Island 2) service for maintenance resulting in low Instrument air trip{=1 minute), but was not
pressure and closure of FW reg. valves. Reactor tripped on available at the tima of the
lows steam generator level. Operators quickly isolated the trip.
valve, but not before a reactor trip
32787012 Debris in isolation gate valve prevented isolation when Piping, valves Reject - auto-isolation Operations personnel
(Sequoyah 1) medifications personnel cut into 8-inch control air header protected safety-related isclated the breach within 7
rasulting in loss of control air and power runback. Reacior equipment minutes of reactor trip.
manually tripped Essantial air systemn
automatically izclated from
control air system
334/01-001 Instrument air dryer blowdown valve transferred open Valves Reject - auto-isoiation A
(Beaver Valley) (agingfeyclic fatigue of the spring). Resulling low Instrument protected safety-related
air pressure caused the cooling water isolation valves for two equipment
reactor coolant pumps to fail closed. Reactor manually fripped.
Dryer was isolated 15 minutes after first alarm for low
Instrument gir pressure, 8 min after reactor trip
334/01-004 Maintenance on one air comprassor caused a short and a Compressars Reject - auto-isolation MA

(Beaver Valley)

blown fuse in @ controf circuit commen to the redundant
comprassor, A& backup diesel air compressor was starled, but
had insufficient capacity to maintain Instrument air pressure for
normal reactor op-eraliun

protected safety-related
equipment
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Table 4-3. PWR commerclal critical hours (1287-2001). 2

Plant Nama Cvav-es | Cyi8a6 | Cvi9s7 Cy1e83 | C¥i989 | CYa00) | CY20d Totals
[&r yr)
ARKANSAS 1 B5E3T THEI00| ATEOO0| V42600 THEZ B0 FTAE 3D B{71.50 1249
AREANSAE 2 E5d430 &0E3.50 BlM3.T0)  SO0EFD TRa2e|  S1FESD]  BE04D 127
BEAVER WALLEY 1 61435 T186.10 G014.30) 31780 T4 80|  TaHRO00| TaRZ S50 114
BEAVER VALLEY 2 il o il TE23.60) 235160 THITEO| TFRMRAOD| ATZA0 1.7
BRAIDWOODN BG40 TO4a7 50 TaFrTo AR &) MEER 0| A34E30)  HIETTD 11.8
BRAIDWCHOD 2
EYFRON 1 31T G366.20 Gy a0 TIT40 TOT4BY|  BIEZAT BYE0.00 128
BYRON 2
CALLANAY GE04E THS1 40 ava0.00 THEF 1D THGA.TO| ATEE00 TESR 00 138
CALVERT CLIFFS 1 516849 il B B0 FA35.50 #5520 FEFL 00 B73e 30 11,2
CALVERT CLIFFS 2 dB35T BEeR B0 T148.10 Bd402 80|  TdEXGA 18, 80 TH34 A0 11.1
CATARNES, 1 BI257 S840 10 FaGg T BO0.20]  &O0E.10 TEFEEQ BTE1.70 125
CATAWAA 2
COMANCHE PEAK 1 | 41128 T2 00| BBETO0| TATION TEEE 00|  &TA4.00 THAR T 1022
COMANCHE PEAK 2
CID 1 62165 358500 AGEE 00 000 0.00 3300 TROSOOD a6
COOK 2
CRYSTAL RIVER 3 51114 33073 00|  THESD) TeI.00|  BSTA.S0 TE17.20 10.5
CANVIS-BESSE 2650 745010 236,20 29180 EIF4.30 TEG4 .60 avel.oo 12.6
DABLC CARYON 1 il B346 5] Treg.a0|  AsTS20|  FEaT.E0 THE8.60 B7Ed. 00 13.3
DIABLD CANYON 2
FARLEY 1 GEE10 BiS530| GEIGS]|  BER1ED| AFIEED ES12.30 508, 132
FARLEY 2 oS4y TE13E0)  8FE0O0 o180 FAG0 40 &FS0TO GH7E 10 130
FORT CALHOUN BI4TT GRE360)  B20080Y TERE.30 TBiz4l|  &21310 Tran.0n 125
GlIMHA G663 24T, 30 Bl4£.80| EFE0U0D T484.80| B04830( BYROUOD 131
HADDAM NECK Sz 4005, 20 0.00 ar
HARRIS G4aES s TER T TOAE3.E0 THI5.87]| 857485 BAZT B8 E342.68 127
HOAN POINT 2 i BiE a0 SH15.70 27545 TTIL4E 114367 51 3. 565 15
NDLAN POINT 3 15815 G5EE0] 431260 B4 TE|  TIIE Byaies B15E 34 BE
KEWALNEE G4 E30540|  &B0ET0 Ve 70| BYEQGG|  TAOR3D TOE.80 127
MAIME YAMKEE S0 EE54.80 0.an Ta
MZGIURE 1 8917 Tas2 0| &48130| A1 @0 TE1A00| AFRE20 TS 50 120
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Flamt Harms CYET-88 CY1894 Ly a8 CY1e98 [ g ] CY2000 CY 2001 Tolals
fer yr)

MCGUIRE 2

MILLSTOME 2 S1RED 122360 QLY {1, Bd4h G0 TAE3.30 855820 85

MILLETONE 3 Siad4 <158 EQ 0 K 3665 30 FA0ETD 7400 TAES. 10 949

RORTH ANKNA 1 &L ERET B0 BVEQ MY 8073.00 BOED.00 ars1.1n GES0.TO 12.7

RORTH ANNA 2

OCONEE 1 GHRES G745 40 ASER A0 THZE8) 2100 TAER. 80 B413.40 12.8

QCOMNEE 2

QICONEE 2

FALISADES 51189 T145.90 TET240 Ta1410 TO2E, 50 FE2.50 384,90 10.4

FALD VERDE 1 S0eE3 TIE2.20 BET1.0 TRT2A0 TH3E. 90 BT84.00 Trae.00 11.3

FALO VERDE 2 SIEGET ToEE a0 TEaz, 00 BrEQOD TAR3. B0 7T, 50 037,50 11.6

PALC VERDE 3 E6aD BTE3.BD THEE.90 TEED 3O ATEQO} Tl 60 TH26.55 1.8

POINT BEACH 1 EEC2ED B2 1818 &ALk 71 a1z TaBn 124

POINT BEACH 2

PRAIRIE |SLAND 1

PRAIRIE IELAND 2 T1d%4 BEA4 20 TEX3.00 GRES A0 GF25.80 TESR 20 BOE2 00 13,6

ROBINSON 2 HREAT TTEAE] BET.00 TTaG 28 B040.08 ATED o8 TO35 38 11,8

SALEM 1 5aman [ula i .05 S440.00 Tra4.00 E4fag. 00 F21%.00 1]

SALEM 2

S4H OMAOFRE 2 4027 801670 E255.10 TR12.00 TEOE 00 TE4E 00 BEEE 0 126

SAN OMOFRE 3

SEABRDOK A0 744,90 EOR8.E0 T3 A0 THES.90 E9E5.T0 T840 Bo

SEQUOYAH 1 44440 B428.20 TEIZ00 BO21.40 BFECLOD TORE. 43 BM212 105

SEQLMOYAH 2

SOUTH TEXAS 1 4302 E242.30 B985 80 EPE0.00 TE00.20 GEE20 BI040 108

SOLITH TEXAS 2 et e BaR T BIAT. 0 2100140 E147.80 HTE4 .00 TREQ.TO 102

ET LUCIE 1 GR4GT GRITTD ER5R. T Ba43 20 TRAE 5] BFE4.00 T98.E0 12.B

ET. LLCIE 2

ELUMMER EAGDE TE28 B0 TETOLE]D BESE.TO TEZ0. 30 E724.90 T295.40 127

SUREY 1 Sa506 B7E4.00 7191.10 TR0 BTE0.00 B2ITAED] - TAST S0 122

SUREY 2 S73E2 TEILTO BOT4.TD 5007 TE18.BD B0Sa 80 BIZ9.10 1241

91



LER 266/01-005

Plant Hame CYEF-85 | C¥1988 | Cy{aay | Cyig@e | CYisdm CYZ200D | CY2001 Totsls
[eryr)
THREE MILE 15 1 Eoaga BTE400) TIMED]  BYEQ00|  TRATRD)  EFEA00)  VITIOD 135
TROMN 28086 1z
TUREY POINT 3 50841 HE45 80 THEE 3D Trar BFO740( 14240 02000 1.4
TURKEY POINT &
WOGETLE 1 #7795 T340 80 TAET20)  &TBOOD 13179 BO11.RD 0T340 132
WOGTLE 2
WATERFORD 2 gy152 B27T1.50] 6823880 AO4E.AD GO8E.50 TTE7 RO By 12,8
WATTE AR 1 ] 4E28.40 7341.80( BEA3SD| TH4A200 B185.20 B0, 20 8.1
WOLF CREEK E5300 T138.20 TI4300(  ATEDO0|  TREOID TEED.40 A& 00 128
YAMKEE-ROWE 14585 38
ZIOK 1 &0B65 T484.10 1238.30 Q.00 4 .00 0uid B.a
Ziom 2
TOTALS Jisa1e4 JE24084.6 | 331004 | B6A530.55| 295712 39466343 4020TLED G240
Noies:

1. Dala for BWRs was excloded due 1o pland dilfererces in insinrmant air spsiama.  Mulli-enl siles with shared Bstrument air
ayslema {from UFSARS) counled ance—unit with longeat crigcal lims

2 Db for cabender years 19071055 was takan from NUREGACR-5TS0 (Red. 4-8) Data for calandar yaars 1955-2001 wang
calculated from |daho Mational Engineering and Errdrermental Laberalory's database (MORP1.DEF). Datais based on icensee's
maonthily cperaiing raports as of Decamber 2002

Table 4-4. Frequency for loss of instrument air,

Constrained | Paint Beach
Non-informative Prior Data Posterior

Failures = 6| Failures = ]
|Exposure’ = 611.6 yr Exposure = 12,4 yr

as 0.5 a'= 0.5
/b = 510 B b = 63.4
gs® 3.8E-02fyr og" 3,0E-021yr
Mean 9.8E-03/yr Mean T9E-03lyr
Median 4 5E-03fyr| Median 3.BE-03yr
5t 3.9E-05/yr| 5" 31E-D5/r
Haba:

1. Mational {genanc) lotal expasure g G24 yr (soa Tabde 4-3),
2 Consirained, mon-informalive prior used because of expectad varlation in instrument air systems (relatiealy
dizsimilar systems batsaen plants)
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Table 4-5. Industry commercial critical hours (1987-2001)."*

r 1887 | 1688 | 1989 | 1890 I 199 [ 1802 | 1953 | 1984 I 1996 I 1686 r 1857 | i9ge | 1853 ] 2000 | 2001

Critical Hours
PR 4177TET 4E5182.3 4618523 4T4942.9 S04981.8 S1ZTE3.E 491430 7 5182282 S1BEE1.1 515809.2 4632143 499725 5201145 538329.8 5452595
2R 197488.5 1892033 204484 8 218008 2302352 2218410 23LTIES 303880 258565.2 249177.0 235885 5 239844 1 2EEET2D 27T3ga.2 2TEE43.0
TOTAL B15565.2 GEB4TES BRE13T.1 TOES51.T TEEITD TI44A04 6 THEX24.2 7516142 TFE24T.3 TE498T .2 701758 TINAITIE TR4TEED §15229.0 8231124
Critical Years
F'WR 4758 5307 5270 54,22 ST8S SB.3T S6.11 5818 58,31 5872 5288 5705 040 51.34 6236
BWR 22 54 2268 23,34 26 44 26,29 2523 2580 2664 .63 28,27 2708 273k o3z 31.548 3160
TOTAL 7024 75,76 78,04 B0 .65 23,94 B3 51 82480 A5 .80 BE.B4 B7.09 78.93 B4 33 0,73 9292 23,98
Totaks

Critical

Years
PWR &50.83
BWR 405.88
TOTAL 128681

Maotes:
1. Data were calculated from Idaho National Engineering and Environmantal Laboratory's database (MORP1.DBF). Data is based on icensee’s monthly operating reports as of December 2002..
2 Data are included from critical date until permanent shutdown, Ft St Vrain critical hours are excluded.
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Table 4-6. Frequency for loss of service water.

Jefiries MNational
Non-informative Prior’ | Experience Data Posterior

Failures = 0.5 Failures = 0]

Exposura = 0 yr Exposure® = 1257 yr'

a= 05 a= 0.5
b= a| ' = 1257
a5t =1 a5" 1.5E-03fyr
Mean =t Mean 4.0E-D4lyr
Madian - Median 1.8E-Oudfyr
5" — ‘5“ 1.6E-DBiyr
Mo

1. Jaffries non-informatiea prior wsed beceusa no fallures expariencad.
2. Mabonal (genesic) lolel exposure is 1257 yr (gee Table 4-5).

3 Mot calculated because Jeffries non-informative prior is an improper gamma distribution

Table 4-7. Recovered LOIA events.”

Recovery time
Plant/LER Total time Reactor trip
(min}
Harris (400/87-041) 4 automatic
Calvert Cliffs (217/87-003) 25 manual
Braidwood 182 (456/88-025) B manual
Sy {280090-006) g manual
Ft Calhoun (285/90-028) 10 manual
Prairie Island 2 (306/95-002) 10 automatic

Moles:

1 There are 6 iotal events for recovery of mstrument air, For Braidwoeod, | is consader b be only one event and
med b evernls, since only one recovery sclion is meeded.
2. Mo specific recavery lime pravided in LER or evens natification (50.72). Engineering evalustion delermined the
air line bresk coukd have been isolsted within [l minutes, given the need.
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Table 4-8. Mon-recovery probabilities for recovery of loss of instrument air.

Recovery Non-recovery Conditional Mon-recovery
Time Probability’ Probability Probability
10 0.42 1-042=0.58 0.58
30 0.90 1-080=0.10 0.10/0.58 =017
60 0.99 1-0.98=0014 0.014/0.10=0.14
Moles:

1. From & log noemnal distribution with the: maan of 15.2224 and standard deviation of 133008 or an eror factor

al 343

Table 4-9, Service water events between 1586 and 1985,

Tire to fix problam AEQD Catepory

in the service water

system (minutes)’ Category 2 - Operating | Category 2 - Shutdown Category 3
Recoveny < 1 Ccomes 1 (B6-11) Arkansas 2 (81-12)

Calswha 1 (03-002)

10 = Recovery < 30°

Shearen Harris (B8-12)

Fiwar Bend 1 (85-209

Callawey 1 (B7-18)
Haddam Meck (82-015)

A0 = Recawary < 81°

Waterford 3 (BG-006)
Haddam Neck (B3-017)
Callaway 1 (87-18)
Crystal River 3 (80-18)
Haddam MNeck 1 {91-17)
MeGulre 1 [91-14)

Recovery = B0° DOwaaden 2 (28-28) Salam 2 {36-01} Crpgtar Cressh (S4-0010)
Surry 1 (90-12) Turkey PL. 2 (8801} Opsler Cresk (34-016)
Indian Foint {83-006) Crystal River 3 {84-013)
Vermand Yankee (34-013)
MeGsre (B7-17)
Millstane 1 (88-07)
Indian Paint 2 (B5-11)
Miligtane 1 (B0-18)
Motes
1. Im &ll cases, a croes commecton of ofher saurce of sarvice water cooling was avallabia,
2 Problem was fixable fram the controd ream by shifting £ skarling pumps.
3 Froblam was fixeble with direct action in the plant. Shiffing strainers falls into this category,
4,

this categony.

Problam was fimble with roubleshaaling, fallowed by direct action In ihe plant. Cleaning strainers falls inbo

5. Prablem required significant diagnasie endior comactive action in the plant
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Table 4-10. Non-recovery probabilities for recovery of loss of service water.
Recovery Non-recovery Conditional Non-recovery
Time Probability’ Probability Probability
10 ARG =012 1-012=0.88 0.a8
30 {34426 = 0.27 1-027=073 0.7300.88 = 0.83
&0 [3+44B)26 = 0.5 1-0.5=05 0.50.73 = 0.68
Noles:

1.

Actusl data usad for mooveny probabilifies,
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5. COMMON CAUSE FAILURE MODEL

No changes made fo this seclion,

6. GEM AND GEMDATA INTERACTIONS
6.2.8 RCP Seal Model
The RCF seal model used for calculating the RCP seal leak for Point Beach Unit 1 and 2 was

the Westinghouse ofd new o-ring seal design. The failure probability values for RCP-MDP-
SEALS and RCP-MDP-SEALS2 were sef fo 0.22 (Refs. 6-9 and 6-10).

6.4 References
6-1. K.D. Russell, et al., Systems Analysis Programs for Hands-on integrated Relfability
Evaluations (SAPHIRE) Version 5.0, Volumea & - Graphical Evalualion Module (GEM)
Reference Manual, NUREG/CR-5118, February 2B, 1985,

8-2  K.J. Kvarfordt, et al., GEMDATA Reference Manusl, INEL-95/0040, March 18, 1995,

6-3. PW. Baranowsky, Evalualion of Slafion Blackow! Accidents at Nuclear Power Planis,
NUREG-1032, June 1988,

B4. JW.Minarick, Revised LOOP Recovery and PWR Seal LOCA Models, ORNLINRCILTR-
89/11, August 1988,

B-5. D. M. Ercsan, et al, Analysis of Core Damage Frequency: Infernal Events Methodalogy,
MUREGCR-4550, Vol. 1, Rev. 1, January 1920,

6-6. Belles, R. J., etal, Frecursors fo Pofential Severe Core Damage Accidents: 1994 .4 Stalus
Repart, NUREGICR-4574, Val. 21.

6-7. M. B. Sattison, e-mail 4/14/98 to Ed Rodrick, NRC, Subject. Westinghouse RCP Seal
Modeis.

B-8. 5. M. Grant, et al., Emengency Diesel Generaltor Power Sysfem Reliabilily, 1987-1883,
INEL-95/0035, February 1956,
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6-9. R.G.Neve, efal., Cost/Benefit Analysis for Generic Issue 23: Reactor Coolant Pump
Seal Fallure, NUREG/CR-5167, U.5. Nuclear Regulatory Commission, Washington,
DC, April 1991.

6-10. Memorandum from Ashok C. Thadani to William D. Travers, “Closeout of Generic
Safety Issue 23 Reactor Coolant Pump Seal Failure,” U.5. Nuclear Regulatory
Commission, November 8, 1989,

7. HUMAN RELIABILITY MODEL

Changes to basic events imahving human error are listed in Table 7=1. The HEF's calcwlafed
using the S5PAR Human Reliabillly Analysis (HRA) method are documented using HRA
Worksheets thatl are provided in the tables thal folow this seclion. These worksheeals ravise or
supplement the worksheals in Appendix H in the onginal SPAR madel manual. Changes fo
oparalor srror events thal pose depandancy consideralions are lisfed in Table 7-2, SAPRIRE
recovery rules are used fo make the basic event substitulions required fo implement the formal

depandency calculations, Changes fo SAPHIRE rule file are provided in Listing 1 at the end of this
section.
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Table 7-1. Point Beach Unit 1 and 2 PWR B human action summary.

Human Error Event

ACP-XHE-NOREC-5T
ACP-XHE-NOREC-BED
AFW-XHE-XA-PSWA
AFW-XHE-XA-PSW
AFW-XHE-XA-PSWS
AFW-XHE-XL-MDPFR
AFW-XHE-XL-MDPFS
AFW-XHE-XL-TDPFR
AFW-XHE-XL-TDPFS
AFW-XHE-XL-TDFFR2
AFW-XHE-XL-TDPFS2
AFW-XHE-XM-RECIRC
AFW-XHE-XM-MDP38B
AFW-XHE-XO-TDP
CCW-XHE-XA-HX
CCW-XHE-XA-UNITZ
CCW-XHE-XL-CCWSYS

CCW-XHE-XR-HTX12B

Event Description

Operator fails to recover offsite power in short term
Operator fails to recover ac power before battery depletion
Operator fails to align backup water source (ATWS)
Operator fails to align backup water source

Operator fails to align backup water source (SGTR)
Operator fails to recover AFW MDP (fails to run)
Operator fails to recover AFW MDP (fails to start)
Operator fails to recover AFW TDP (fails to run)

Operator fails to recover AFW TDP (fails to start)
Operator fails to recover AFW TDP 2P29 (fails to run)
Operator fails to recover AFW TDP 2P29 (fails to start)
Operator fails to re-establish AFW recirc

Operator fails to cross-tie unit 2 AFW MDP-38B

Operator fails to control AFW TDP during SBO

Operator fails to align standby heat exchanger

Operator fails to align unit 2 CCW to unit 1

Operator fails to recover from loss of component cooling water

Operator fails to restore CCW HTX-P12B after T&M

99

Mean

Probability

3.60E-01*
1.T0E-02*
4.00E-03"
1.00E-03¢
4.00E-03¢
7.50E-01°
2.10E-01Y
8.80E-D1®
4. J0E-01%
8.80E-01°
4, 70E-01%
1.00E-03°
2.00E-02¢
2.50E-02°
1L.0OE-03%
True
True

1.00E-03¢

Uncertainty
Parameter

{data)
(data}
Lognormal(3)
Lagnormal(3)
Lognormal(3)
Beta((.5)
Beta(5.5)
Betai0.5)
Beta(9.5)
Beta(D.5)
Betal9,5)
Lognormal(3)
Lognormal(3)
Lagnarmal(3)
Lognormal(3)
na
na

Lognormal(3)
XHXR
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Human Error Event

Event Description

CCW-XHE-XR-MDP11B

COND-XHE-XM-I4

COND-XHE-XM-I4

COND-XHE-XM-IA

CVC-XHE-XM-BOR

CVC-XHE-XM-LETDOWN

EPS-XHE-XM-G05-1B

EPS-XHE-XM-G02-1A

EPS-XHE-XM-G04-1B

EPS-XHE-XM-GD3-1A

EPS-XHE-XM-G035-2B

Operator fails to inifiate condensate injection

Operator fails to initiate emergency boration
Orperator fails to initiate/establish letdown cooling
Operator fails to align Gas Turbine (G05) to 1A06
Operator fails to align alternate EDG (G02) to 1A05
Operator fails to align alternate EDG (G04) to 1A06
Operator fails to align Gas Turbine (G05) to 1 A0S

Operator fails to align Gas Turbine (G03) to 2A06

Mean Uncertainty
Probability Parameter
Operator fails to restore CCW MDP-P11B after T&M 1.00E-03* Lognormal(3)
XHXR

4.0E-02¢ Lognormal
(3)

Operator fails to initinte condensate injection (dependent) 8.8E-02" Lognormal
(3)

Operator fails to initiate condensate injection (dependent) LBE-}1* Lognormal
{2

2.00E-02° Lognormal
)

1.00E-03° Lognormal
3

1.00E-01¢ Lognormal
(2)

2.00E-02¢ Lognormal
3

2.00E-02° Lognormal
(3

1.00E-01*° Lognormal
(2)

1.00E-01¢ Lognormal
(2
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Human Error Event

Event Description

EP5S-XHE-XM-GO5-2A

EPS-XHE-XM-GO035
EPS-XHE-XM-G01-2A

EPS-XHE-XM-G03-2B
FWS-XHE-XM-FWSCST
FWS-XHE-XR-33A
FW5-XHE-XR-35B
HPI-XHE-XM-FB
HFPI-XHE-XM-FB1
HPI-XHE-XM-FB2

HPI-XHE-XM-THRTL

Operator fails to align Gas Turbine (G05) to 2A05

Operator fails to align Gas Turbine (G03) to essential bus
Operator fails to align alternate EDG (G01) to 2A035

Operator fails to align alternate EDG (G03) to 2A06
Operator fails to align fire water to refill CST

Op fails to restore fire water motor-driven pump 354

Op fails to restore fire water engine-driven pump 33B
Operator fails to initiate feed and bleed cooling

Operator fails to initiate feed and bleed cooling (dependent)
Operator fails to initiate feed and bleed cooling (dependent)

Operator fails to throttle HPI to reduce pressure
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Mean Uncertainty
Probability Parameter
1.00E-D1* Lognormal
2
1.300E-01° (IPE)
2.00E-02¢ Lognormal
3
2.00E-02¢° Lognormal
(3)
1.20E-01¢ Lognormal
2
1.00E-03* Lognormal
(3)
1.00E-03% Lognormal
3)
2.00E-02¢ Lognormul
(3)
6.90E-02¢ Lognormal
3
1.60E-01% Lognormal
(2)
1.00E-D3" Lagnarmal
(3
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Human Error Event

HPI-XHE-XR-MDP1A

HPI-XHE-XR-MDP1B

HPI-XHE-XM-DIS

HPR-XHE-XM

HPR-XHE-XM1

ISL-XHE-DETECT

LPI-XHE-XM-RCOOL

LPI-XHE-LOCA
LPR-XHE-XM

MFW-XHE-NOREC
MFW-XHE-ERROR

Event Description

Operator fails to restore HP1 MDP-1A after T & M

Operator fails to restore HPI MDP-1B afier T & M

Operator fails to open Bx vessel MOV for injection
Operator fails to initiate HPR.
Operator fails to initiate HPR. system (dependent)

Operator fails to diagnose and detect system ISLOCA

Operator fails to rapidly depressurize RCS to LPI injection

Dperator fails to isolate LOCA and realign train

Operator fails to initiate LPR

Operator fails to recover (restore) MFW

Operator fails to restore MFW flow

102

Mean Uncertainty
Probability Parameter
1.00E-03" Lognormal
3
XHXR
1.00E-D34 Lognormal
3)
XHXR
LLOOE-03¢ Lognormal
(3)
2.00E-03* Lognormal
(3)
3.20E-02¢ Lognormal
(3)
L.ODE-02* (NUREG/CR-
5745)
4.00E-02° Lognormal
(3)
True na
LODE-02¢ Lognormal
(3)
2.00E-01° @)
4.00E-02° Lognormal
(3)
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Human Error Event

Event Description

Mean
Probability

Uncertainty
Pararmeter

MFW-XHE-ERROR ]

MSS5-XHE-XM-BLK

MSS-XHE-XM-BLKI

MS5-XHE-XM-ERROR

MS5-XHE-XM-ERRORI

OEP-XHE-NOREC-SL
OEP-XHE-WOREC-2ZH
OEP-XHE-NOREC-6H
PCS-XHE-XM-RCOOL

PCS-XHE-XM-RCOOL1

PCS-XHE-XM-RCOOL2

PCS-XHE-X0O-SEC
PCS-XHE-XO-SECL

Operator fails to restore M-FW ﬂuw.;i-e;.-rndent}

Operator fails to close ADV block valve

Operator fails to close ADV block valve (dependent)
Operator fails to isolate faulted steam generator

Operator fails to isolate faulted steam generator (dependent)

Operator fails to recover offsite power (seal LOCA)
Operator fails to recover offsite power within 2 hrs
Operator fails to recover offsite power within 6 hrs

Operator fails to initiate RCS cooldown below RHR
Operator fails to initiate RCS cooldown below RHR (dependent)
Operator fails to initiate RCS cooldown below RHR (dependent)

Operator fails to establish secondary cooling

Operator fails to establish secondary cooling during LOOP

103

8.80E-02°

2.00E-02¢

6.90E-02°

2.00E-03®

5. 20E-02¢

8.40E-01*
7.50E-02*
3.60E-02°

1.00E-03¢

5.10E-02¢

L44E-01°

2.00E-01#
340E-01¢

Lognormal
(3)

Lognormal

3

Lognormal
3

Lognormal
(3)

Lognormal

(3
(data)
(data)
{data)

Lognormal

@)

Lognormal
(3)

Lognormal

(2
(717)

(717
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Human Error Event

Event Deseription

PCS-XHE-XM-CDOWN

PPR-XHE-XM-BLK

RCS-XHE-DIAG

RCS-XHE-RECOVER

RCS-XHE-XM-5G

BHR-XHE-XM2

RHR-XHE-XM

RHR-XHE-XM]1

RHR-XHE-XE-ISOL

RHR-XHE-XE-ISOLDIS

RHR-XHE-XM-DETECT

Operator fails to initiate CDDL]JDWN”
Operator fails to close block valve
Operator fails to diagnose SGTR to start procedures

Operator fails to depressurize RCS below SG SRV given ADV lifts
Operator fails to initiate RCS depressurization

Operator fails to initiate the RHR system (dependent)

Operator fails to initiate the RHR system

Operator fails to initiate the RHR system (dependent)

Operator fails to isolate RHR suction ISLOCA
Operator fails to isolate RHR discharge ISLOCA

Operator fails to detect RHR discharge ISLOCA

104

Mean Uncertainty
Probability Parameter
1.00E-03° Lognormal
(3)
2.00E-03° Lognormal
3
8.00E-03° Lognormal
3)
2.00E-(2¢ Lognormal
(3}
2.00E-03° Lognormal
(3)
1.45E-01¢ Lognormal
2
2.00E-03¢ Lognormal
&)
3.20E-02° Lognormal
3
1.00E+00¢ (NUREG/CR-
5745)
LODE+00r (NUREG/CR-
5745)
6.07E-02" (NUREG/CE-
5745)
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Human Error Event

Event Description

RHR-XHE-XM-DIAG

RHR-XHE-XR-HTXA

RHR-XHE-XR-HTXB

RHR-XHE-XR-MDP1A

RHR-XHE-XR-MDF1B

RPS-XHE-XM-SCRAM

RPS-XHE-XL-REC

SI-XHE-XE-ISOLCL

SI-XHE-XE-ISOLHL

SLOCA-XHE-NOREC
SWE-XHE-XL-SWSSYS

Operator fails to diagnose RHE. discharge ISLOCA

Operator fails to restore RHR HTX-11A after T&M
Operator fails to restore RHR HTX-11B after T&M
Operator fails to restore RHR MDP-1A after TéM
Operator fails to restore RHR MDP-1B after T&M

Operator fails to manually trip the reacior (Modification under INEEL
review)

Operator fails to de-energize MG sets (Modification under INEEL review)

Operator fails to isolate SI cold leg discharge [SLOCA
Operator fails to isolate 51 hot leg discharge ISLOCA

Operator fails to recover from a SLOCA in shert term

Operator fails to recover from a loss of service water

Mean Uncertainty
Probability Parameter
6. TOE-02" (MUREG/CR-
5745)
1.00E-03¢ Lognormal
3)
AHXR
1.00E-03¢ Lognormal
(3
AHXR
1.O0E-03¢ Lognormal
(3)
XHXR
1.00E-03¢ Lognormal
3)
XHXR
S.ME-f3¢ Lognormal
FAE=H (3
S.00E-03 Lognormal
FHIEHHT 3
2.50E-02¢ (MUREG/CR-
5743)
LOOE+O(F (NUREG/CR-
3745)
4.30E-01% (777)
True na
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Motes:

Station Blackout Model calculations described in more detail in Section 6.

Value obtained from Reference 7-3.

HEP calculated using a SPAR Model Human Ermror Worksheet. The calculation worksheets are provided in Appendix H.

The operator fails to restore component after T&M used the screening value of 1.0E-3 from the SPAR Model Human Error Worksheet.
Value obtained from Reference 7-7.

Recovery of MFW value obtained from Catawba IPE.

Value obtained from the draft Daily Events Evaluation Manual.
Value from S7—TEide; ~Hetfability 5 '

7-8).

i. Value from Point Beach IPE (Reference 7-9).

Fmoso oan oo

z NUREG/CR-3500 Vol. 2 Aprir19%9 (Reference
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Table 7-2. Changes to dependent human actions.

Original Events - Dependent Eventa Dependent Value
AFW-MHE-X&-PSW =

HPI-XHE-XM-FBE HPI-XHE-XM-FB1 &8.92-02
AFW-XHE-XM-MDP3EE *

HPL-EHE-XM-FE HPI-XHE-XM-FB1 &.9E-02
RHR-XHE-XM *

HFR-XHE-XM HPR-XHE-XM1 B.2E02
AFW-XHE-XM-FSW *

HP-XHE-XM-FE" HPI-XHE-XM-FBT 6.9E-02
COND-XHE-XW-14 COND-XHE-XM-142 1.8E-01
HPL-XHE-XM-FB *

COND-XHE-xXM-14 COND-XHE-XM-IAT B.8E-02
COND-XHE-XM-14"

HPR-XHE-XW HPR-XHE-XM1 5.2FE-02

Listing 1. SAPHIRE Project recovery rules.

| The following list is dependency correction factors that are
[required in order to take into account the dependeancy of tha
|operator failures in a sequence cut set. By using value events,
[the original operator action names are not removed or renamed to
[take account for their dapandancies.

elsif AFW-XHE-XM-MDP38B * HPI-XHE-XM-FE then
DeleteEvent = HPI-XHE-XM-FB;
AddEvent = HPI-XHE-XM-FE1,

alsif BHR-XHE-¥M * HPR-XHE-2M then
DelateEvant = HPR-XHE-%M;
AddEvent = HPR-XHE-XM1;

elsif AFW-XHE-XA-PSW * HPI-XHE-XM-FB then
DeletaEvent = HPI-XHE-XM-FE"
AddEvent = HPI-XHE-XM-FE1;

elsif AFW-XHE-XA-PSW * COND-XHE-XM-IA * HPI-XHE-XM-FE then
DeleteEvent = HPI-XHE-XM-FB;
AddEvent = HPI-XHE-XM-FB1;
DeleteEvent = COND-XHE-XM-{A;
AddEvent = COND-XHE-XM-1A2;

elsif COND-XHE-XM-IA * HPI-XHE-XM-FB then

DeleteEvent = COND-XHE-XM-IA;
AddEvent = COND-XHE-XM-IAT;
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elsif COND-XHE-XM-IA * HPR-XHE-XM then
DeleteEvent = HPR-XHE-XM;
AddEvent = HPR-XHE-XM1;

7.3 References

7¥=1.H.5. Blackman and J.C. Byers, ASF Human Reliability Mefhodology Development, INEL-
95/0139, April 1995,

7-2.8.0. Swain, and H. Guiman, Handbook for Human Relabilify Analysis with Emphasis on
Nuclear Power Plant Applications, NUREG/CR-1278, August 1983. (THERP)

7-3.R.J. Belles, et al., Precursors fo Potanfial Severs Core Damage Accidents: 1894 A Sfatus
Report, NUREG/CR-4674, Vol. 21, Decamber 1985, pg. A.1-5.

7-4. K.D. Rus=ell, etal., Systemns Analysis Programs for Hands-On Integrated Reliability Evaluations
{(SAPHIRE)} Version 5.0. NUREG/CR-6116, Wol, 2, December 1843

7-5.J.P. Poloski, et al, Reliabiity Study: AuxilianzEmergancy Feadwaler System, T987-1985,
MUREG/CR-5500 Vol. 1, August 1998,

7-6. 5PAR HRA Reference.

7-7. 0L Kelly, et. al., Assessment of ISLOCA Risk-Methodology and Application to a Combustion
Engineering Plant, NUREGICR-5745, April 1892

7-8. 5.A. Eide, et al., Rellability Study: Westinghouse Reactor Protection System, 1984-1995,
NUREG/CR-5500 Vol. 2 April 1958,

7-9. Wisconsin Electric Power Company, Point Beach Nuclear Plant - Units 1 and 2,
Individual Plant Examination, revised December 1997.
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Appendix A
Fault Trees
Fault Tree Index
Fault Tree Description Page
AFW-MDPIaA Point Beach 1 & 2 PWR B AFW MDP 38A failures fexisting tres L=
modiflad)
AFW-MDPISE Painl Baach 1 & 2 PWR B AFW MODP 388 failures fexisting free )
modifiad)
AFW-TDP Point Beach 1 & 2 PWR B AFW TOP failures fexisting free g
modified)
AR-REC-LT Point Baach 1 & 2 PAWR B Inst air not recovered - long term (mew) 107
AIR-REC-MT Foint Beach 1 & 2 PAWR B Ingt air not recoverad - madium t&mm a[1=:3
(new)
AlR-REC-5T Point Beach 1 & 2 PWR B Inst air not recovered - short term (mew) 108
AIR-REC-5W-LT Faint Beach 1 & 2 FWR B SW not recoverad - long term (new) 110
AlR-REC-SW-MT Point Beach 1 & 2 FIWR B 5W not recoverad - medivm lem [new) 111
AlR-REC-5W.5T Paoinl Beach 1 & 2 PWR B SW nol recovered - sharl term [new) 112
F¥ Point Beach 1 & 2 PWR B Feedwater injection {mew) 113
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e [menm]| [ | [ [ [e=s= |—':é:—.""—|‘ wpz | | E3aE | [-mmee] [SEEEG] [ |
A-Qu.u wéu:: u-% -w-rguwwm@n:nm ArRTe TRl APAADDD-a ma-ll;}en-m w&'}um MOMM

lAFW-!u'!DF'SBA = Point Beach 1 & 2 PWR B AFW MDP P38A failures 2003/01/14 Page®
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AFW-MDP3SB - Point Beach 14 2 PWR B AFW MDP P38B failures 2003/01114 Page?7
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ﬂﬁ_

1§

13

2003/0114 Page 9

AFW-TDP - Point Beach 1 & 2 PWR B AFW TDP failures
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OPERATOR FAILS TO
RECOVER INSTRUMENT
AIR IN THE LONG TERM

AIR-RIEC-LT

OPERATOR FAILS TO
RECOVER INSTRUMENT
AIR PRESSURE WITHIN 60
MINUTES

AIR-XHE-RECOVERY-LT

AIR-REC-LT - Puoint Beach 1 & 2 PWR Inst air not recovered - long term 2002M12M1 ﬁ;ge 10
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OPERATOR FAILS TO
RECOVER INSTRUMENT
AIR IN THE MEDIUM TERM

AIR-RIIEC—MT

OPERATOR FAILS TO
RECOVER INSTRUMENT
AIR PRESSURE WITHIN 30
MINUTES

AIR-XHE-RECOVERY-MT

AIR-REC-MT - Point Beach 1 & 2 PWR Inst air not recoversed - medium term

114
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OPERATOR FAILS TO
RECOVER INSTRUMENT
AIR IN THE SHORT TERM

AIR—RFC—ST

OPERATOR FAILS TO
RECOVER INSTRUMENT
AIR PRESSURE WITHIN 10
MINUTES

AIR-XHE-RECOVERY-ST

AIR-REC-3T - Point Beach 1 & 2 PWR Inst air not recovered - shaort term

115
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OPERATOR FAILS TO
RECOVER SERVICE
WATER AND INSTRUMENT
AIR IN THE LONG TERM

Al R—RE(i'J—SW—LT

OPERATOR FAILS TO
RECOVER SERVICE
WATER AND INSTRUMENT
AIR PRESSURE WITHIN 60

AIR-XHE-RECOVERY-SW-LT

AIR-REC-SW-LT - Paoint Beach 1 & 2 PWR B fSW not recovered - long term

116
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OPERATOR FAILS TO
RECOVER SERVICE
WATER AND INSTRUMENT
AIR IN THE MEDIUM TERM

AIR-RE(.I?-SW-MT

OPERATOR FAILS TO
RECOVER SERVICE
WATER AND INSTRUMENT
AIR PRESSURE WITHIN 30

AIR-XHE-RECOVERY-SW-MT

AIR-REC-SW-MT - Point Beach 1 & 2 PWR B SW not recoverad - medium term ) 20030118 F'.a.ge 14
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OPERATOR FAILS TO
RECOVER SERVICE
WATER AND INSTRUMENT
AIR IN THE SHORT TERM

Al R—RECIJ—SW-ST

OPERATOR FAILS TO
RECOVER SERVICE
WATER AND INSTRUMENT
AIR PRESSURE WITHIN 4

AIR-XHE-RECOVERY-SW-ST

AIR-REC-5W-5T - FointBeach 1 &2 F"l};l'ﬁ B SW not recovered - short tE.lITI

118
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FAILURE TO PROVIDE
FEEDWATER ,
INJECTION !

F‘.INI

OPERATOR FAILS TO
INITIATE FEEDWATER
INJECTION

COND-XHE-XM-IA

FWl - Paint Beach 142 PWR E feadwater injection 2002/12/23 Page 42
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Refer fo Secfian 4, Table 4-1 for st of modified or mew basle evenis.

Appendix B
Basic Event Data Report

Appendices C-D

No changes madea,

Appendix E
Alpha Factor Data Reports

Changes fo alpha factors for common cause evants are iisted in Table E-1. Table E-1 shows
the alpha factor names (Name), descrplion (Name Descripfion), uncertainly disfrbution parameter
{Uncertainly Value), probabilify, and application source (Applicalion).

Table E-1. Alpha Factor Values

Hama

Hame Descrplion

Uncartaingy

Frobabiiny

Applicatian

SveE-MDP-FR-06A01

MOTOR DRIVEN PLUMP
ALPHA FACTOR 1 FOR G
TRAINS

4 12E+01

§.72E-1

ESW MDP FR

SWE-MDP-FR-0EADZ

MOTOR DRVEN PLMP
SLPHAFACTOR 2FOR &
TRAIMS

1.51E+03

T01E-03

ESW MDF FR

EWE-MOP-FR-08AG

MOTOR DRIVEN PLBFP
ALFHA FALTOR 3 FOR G
THABNS

1L.ETE+IT

ESW MOF FR

SWE-MOP-FR-06ADd

MOTOR DRIVEN PUMP
ALFHA FACTOR 4 FOR 8
TRAING

1.52E+03

A FTE-02

ESW MIDF FR

S S-MDF-FR-06405

MOTOR DRIVEN PLMP
ALPHA FACTOR S FOR &
TRAINS

1.52E+03

3.63E-03

ESW MDE FR

ENS-MDP-FR-05A0E

MOTOR DRIVEN PUKMP
ALFHA FACTOR 6 FOR &
TRAINS

T.52E+0.Y

A.6TE-0\F

ESW MOF FR
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Alpha Factor Data Reports
Application: ESW MDP FR
Alpha Factor Distribution Summary Event Summary Statistics
5th% Mean Median  85th% MLE a b
1 08500522 09654111 09650325 09777435 09656281 479E+02 1.72E+01 Application ESW MDP FR Component
2 223E-02 34BE-02  34DE-02 4.91E-02  3.44E-02 1.72E+01  4.79E=(02 Total Evernts 71 Failure Moda
COCG Size 6

1 0.9562847 0.9676124 0.9680333 0.5775149 08660451 7.20E+02 2.41E+01
2 7.55E-03 138E-02 133602 214E-02 13002 1.02E+01  T.34E+02 CCCG SIZE  [4)(26), [2)(16), [81(9), [51(10), [3)(9). [12](1)
3 143602 1.86E-02 1.82E-02 275E-02 1.80E-02 1.38E+01 7.31E+02

YEARS [1978){1), [1980)(2), [1981)(5), [19B2)(8), [1963)(3),

1 09596967 0.8802023 0.5695178 0877623 09697911 D6EE+02 3.07VE+D1 [1984](3), [1985)14), [1986](8), [1987](3), [1888](5),
2 BOSED3 13502 1.31E-02 200E-02 125E-02 134E+01 9 BIE+02 [1989)(2), [1990}6), [1891)2), [1892](1), [1993)4),
1.823E-03  428E-02 395E-03 BASE-03 4.05E-03 427E+00 S92E+)2 [1924](4)

= e

7.75E03 1.31E-02 1.27E-02 195E-02 1.35E-02 1.30EHM  9.83E+02
SHOCK TYPES  NL{53), L{12)

09628872 09710674 09713152 0597338808 08717855 1.22E+03 3.64E+01

1
2 THED3 118E-02 118E-02  1.73E-02  1.10E-02  149E+01  1.24E+03 COMPONENT TYPES PMP{G4), MOT(T)
3 Z30E-03 S5M10E-D3  4.84E-03 B THE-03  4.86E-03 B41E+0D  1.25E+H03
4 4.5BE-04 1.98E-03 1.73E03 440E-03 1.83E-03 250E+00 1.25E+03 FAILURE MODES  FRIT1)
§ G.B8G6E-03 990F-03 9TVIEQY 150E-02 1.08E-02  1.26E+01  1.24E+03
COUPLING FACTORS OMTC(24), HDSC(19), ENf14),
OMTP(4), ODOP{E), EE(2), QIC{1), HGMM{1), OMTS(1},
D081
1 0.8657EG3 09725412 08731480 09794083 DOFITEET  1.48E+03  412E+41
2 G29E-03  1.0ME-02 SB0E-03 147ED2  915E-03 1.54EHM 1.51E+03
3 272403 S540BE-03 S51BE-03 BB1ED3  51BE-03 EB21EH00  1.51E+D3 PROXIMATE CAUSES 1C[35), DE(18), PA(4), HA(Z), QP{3),
4 129E-03 3ZVE-03 3.05E-03 598E-03 313E-03 49VEHI0  1.52E+03 IE(2Z), DC{1), DM{1), HT{1)
5 151E03 3B3E-03 3 4E-03 G48E-03 3B1E-03 S552E+00 1.52E+03
6 221E03 467E-03 445E-03 7TBBED3 459BE-03 7V.1ME+IF 1.52E+03 SYSTEMS ESWIT1}
Total Number of Independent Faillure Events:  865.0 FLANTS SURRY 1(3), SURRY 2(%), FORT CALHOUN 1(4),
PILGRIM 1(4). HATCH 1(3), INDIAN POINT 2{3),
Total Number of Common Cause Failure Events: 71 DCONEE 2(3), SALEM 2(3), BRUNSWICK 1(2),
MILLETOMNE 2(2), OCONEE 1(2), CCONEE 3(2),
PALISADES(2), QUAD CITIES 1(2), SALEM 1(2),
Application Note: ARKANSAS 2(1), BROWNS FERRY 1{1), CALVERT
Centrifugal ESW pumps. Includes the MOP, MOT, and PMP companents CLIFFS (1), COOPER STATION(1}, DRESDEMN 3({1),
FR. FARLEY 1(1), FARLEY 2(1), GRAND GULF 1(1}),

HATCH 2(1), INDIAN POINT 3(1). KEWAUNEE(1),
LASALLE 2(1), NINE MILE PT 1{1), PEACH BOTTOM 2(1),
ROBINSCN 2(1), SEABROOK 1{1), ST LUCIE 2(1),
SUSQUEHANNA 1{1), TURKEY POINT 4{1)
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OP ST (WHEN DET) ©{81), D{10)

OF STATUS (MODE) BO{GS), OP(2)
EVENT TYPE CCF(71)

COMP. GROUP  PMP(71)
DETECTION MTHD. [BLANK](71)
DEGREE OF FAIL. P(55), C(12), Ai4)

DEFENSE MECHAMN. FSB(27), MAI28), MON{15), PER(Z),
DIV(1)

PLANT TYPES  PWR(S1), BWR{20)

VEMDOR TYPEE  WE(32), GE(20), CE(11), BWI(T)
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Appendix G
Simplified Diagrams

No changes made.

Appendix H
HRA Worksheets

HRA Worksheets Index

Basic Event Description Page

COND-XHE-XM-1A Marnuai initiation of MFW wsing EQP-H. 1 following recovery of
instrument air pressure (mew workshee! added)

COMND-XHE-XM-IA1 | Manual inftiation of MW using EOP-H.1 following recovery of
ingtrumeant air pressoure (depandeant) (Rew woerksheet added)

COND-XHE-XM-IAT | Manual inifiation of MFW using EQP-H. 1 following recovaery of
instrumernt air pressure (dependent]) (new worksheet added|)

123



LER 266/01-005

SPAR Model Human Error Worksheet (Page 1 of 3)

Plant: Point Beach Event Name: _COND-XHE-XM-1A

Task Error Description: wal imit]
|§I'|’:HH-I.I.I'E

ion of MFW using EOP-

.1 folkoeri

Does this task contain a significant amount of diagnosis activity 7 YES ___ NO _X

IfYes, Use Table | below to evaluate the PSFz for the Diagnosis portion of the task before goang 1o Takle 2.
If Mo, po directly to Table 2.

Table 1. Dingnosis workshest.

Multiplier | I non-nominal PSF levels are selected, please
four note specific reasons in this column
PEFs PSF Levels Dliagnosis
1. Awailable [nadeguabe 1.0
Time Barely adequate < 20 m 1o
Maominal = 30 m _ 1
Extra = 60 m ~ ol
| Expangive ™24 h LRI
. X, Stress Extreme 5
High 2
Mol 1
3, Complexity | Highly 5
| Maderately 2
| Mominal 1
| 4. Experience’ | Low B L
Training | Mominal - |
High 5
5. Procedures | Mot available il
: Available, but poor 5
Teaminal 1
| Diagnastic/symplom snemied 0.5
6. Ergonomics | MissingMisleading 5
P'u;u:rr {1
Hominal |
Cioad 0.5
7. Fitness for Lmfie 1o
Dty Degraded Fitness 5
Bominal 1
& Work | Poor 2
Processes Mominal 1
Ciood L5

a. Task failure probability is 1.0 regardless of other PSFs.
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SPAR Model Human Error Worksheet (Page 2 of 3)

Table 2. Action workshest.

PSFs PSF Levels | Multiplier | If nos-nominal PSF levels are selected, please
far | nabe specific reasens in this column
Action
1. Available Inadequale 1.00 Fecovery of instrument air occurs af the latest
Time [ Thme available = time required 10w | Possible time to avert care uncovery.
Mominal . 1
Avallable = Sx tme required LX)
2. Btres | Extreme o | 5 | Esablishing MFW is the option of last resort.
| High Tt Failure to necomplish task will resalt in core
Moeminal " : damage,
3 Complexity | Highly 5 I Establishing MFW i3 nod difficult to perfonm,
However, stabilizing the plamt a1 saturated
Madersely 2w comditians with MFW and patential 51 from
) overcocling will aded to the complexily
Mominal 1 comparad to MW indtinticn immediately
following loss of AFW.
4, Empericnes’ | Low - 3
Training Momioad v
Fligh 0.5
5. Procedures | Mot available 50
_;wilubli:, st posar 5__
Mominal e
6. Ergonomics | MissingMisleading sa |
Poor 10 '
| Bmanal e
Goad 05
| 7. Fitness for | Unfit ) Lo
Duty Degraded Fitness 5
| Maminal . e
8. Wark  Poor L r
Processes Nominal v
Good .8

a. Task failure probability is 1.0 repardless of other PSFs.

Table 3. Task failure probability without formal dependence worksheed,

Task |'um. I Time l Swess | Compl. | Exper/ | Proced. | Ergon. I Fitness | Work I Proh.
Portion | Prob. | Traim, o | N Pr-::w-_m -
|_Dhg_ l 1.0E-2 ! na
_.ﬂu.nl'.i.nu 1.0E-% 1 z o 2 1 i i | 1 | i 4.0E-2
I_".I‘n.'ﬂ;'l - - _4D'EI_.
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SPAR Model Human Error Worksheat (Page 3 of 3)

For all tasks, except the first task in the sequence, use the table and formulee below o caloulate the Task
Failure Probability With Formal Dependence.

Table 4. Dependency condition worksheet.

Condition |Crew (same| Location Time [¢lose Cues Dependency Mumbsr of Human Aclion
Wumber  |or different)|  (ssmee or | intime or not | (sddidonal or Failures Rule
| different) | close imtimo) riod
| | additianal)
1 s : e - complete | IFthis emor is the 3 erver in
2 5 & i na | high the sequence, then the
3 . . - _ a I " dependency is at least moderaie,
. 4 i i d & - high Il'l:hi:mri.l.lhu-l-*errw:inﬂul
- b ] L ! I:|._ . o 1 na :I'_rlﬂlhl‘ﬂi:_ sequence, then the dependency |
_ﬁ | £ _:_ d e a o lm.l.l a i5 af least .H..
7 | - Teaderad
d - - =1 This rule may be ignared oaly if
& | d - ne na lave there ks compelling evidensce for
- B d 4 ne | L  low lis depandence with the
1 | d_ _.:.| ) ) | - I_I'I:'rﬂd:mit:_ préviows tasks.
11 d d nc na loya
1z d d ne a L
LI R R _ N N

Uszing I = Task Failure Probability Without Formal Dependence (calculated on page X)

For Complete Dependence the probability of failure = L0
For High Dependence the probability of failure = {1+ P2
For Moderate Dependence the probability of failure = (1 +aP¥7
For Low Dependence the probability of failure = (1 + 19Pp20
w For Zero Dependence the probability of failure = P
Task Failure Probability With Formal Dependence = (1 +( . 0/ =

Additional Notes:

The following list is dependency correction factors that are required in order to take into account the
dependency of the operator failures in a sequence cut set, By using value events, the original operator action
names gre not removed or renamed to take account for their dependencies.
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Plant: Point Beach

SPAR Model Human Error Worksheet (Page 1 of 3)

Event Name: _COND=-XHE-XM-1A1

Task Error Description: Manual initigtion of MFW using EOP-H. 1 following recovery of instrument air
pressure (dependent)

Does this task contain a significant amount of diagnosis activity 7 YES ___

MO _X

If¥es, Use Table | below to evaluate the PSFs for the Diagnosis portion of the task before going to Table 2.
If Mo, go directly to Table 2.

Table 1. [h'ag}gaia workshest,

Multipleer | [F non-sominal PSF levels are selected, please
lar | nate specific reasons in this column
P&F= PSF Levels D'n&nuri: |
| 1. Available Inadequate ] 10"
| Time Barely adequate < 20 m _ 0
' Mominal = 30m 1
| Exira > 60 m or |
Expamsive = 24 h 01K
1. Stress Extrems 5
High > |
Mominal 1
| 3, Complexity | Highly 5
| Moderately 1 |
! Mominal | E |
4. Experience/ | Low B 1o
Training | Mominal - B
High 0.5
3. Procedures | Mot available A0
Available, bul poor 5
Nominal _ 1
Diiagnosticsym ptom oriented 0.4
&, Ergonomics | Missing/Mislending 50y
| Paar 10
Nominal 1
Goad 0.5
7.Fitness for | Unfit o B
Dty Dregrades Fitness 5
{ Maminal 1 |
g Wark | F'l;u;r__ 2
Processes Waominal 1
| Good 0.8 |

a, Task faifure probability is 1.0 regardless of other PSFs.
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SPAR Model Human Error Worksheet (Page 2 of 3)

Table 2. Action worksheet.

PSFs PSF Levels Multiplier | If noe-nominal PSF levels are selected, please
for | mobe specific reasens in this column
Actlon
| 1. Awailable Inadeguntz L0 Becoovery of instrumment alr oocurs at the labest
Time Time available = time required 10w poacible time 1o avert Cons uncovery.
Tl oo mal 1
Available > 50x time required 0.01
2. Siress Exireme 5 Establishing MFW is the aption of last resort,
High Y Failure to scoomplish task will result in core
Mmminnl o | . damage.

3. Complexity | Highly 5 I Establishing MFW is not difficult to perform.
- Henwever, stnbilizing the plant at aabarated |
| Moderately " conditions with MFW and patential 81 firam |
3 o - - overcooling will add to the complexity !
! Waminal 1 compared to MEW Initistion immediavely
i Iﬁ.-]l.-:'h‘:irlﬁ boss of AFW.

4. Experience/ | Low k]

Traiming Nominal v

High i

5 Procedures | Mot available S0 |
| Available, but poar 5 |
[ Nominal ™

| 6. Ergonomics | MissingMisleading a0
Poar i
Maminal I
. Cood 0.5 i
7. Fitess for | Unfit _ Lot !
| P Dograded Fimess | 3 |
Mominal e
B Wark Poor 2
Processes Nominal v
Good 0.8

4. Task failure probability is 1.0 regardless of other PSFs.

Tahlu 3 Task failure probability without formal dependence wnﬂuhnﬂ_

W; Prals. |

Task | Mom. | Time | Stress | Compl. | ExperJ i Proced, | Ergon

Porion | Frob, ) ‘ _:I_“_raln | b Proscess
!. Ding. | 10E2 | | ' i | . na
Astion | 10E3 |10 _1_4‘1 L ]I.__ L a0E-2
I Todal | 40E-2
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For all tasks, except the first task in the sequence, use the table and formulae below to calculate the Task
Failure Probability With Formal Dependence.

Table 4. Dependency condition worksheet.

Condition |Crew (same| Location | Time {closs | Cues D:p:rhdzrh::.'! Humber of Human Action
MWomber  |or different))  (sameor  in time or nod (pdditional or Failures Rule
differest) | elose in time) fiait
additional}

b 1 5 5 6 - coftiphels TF this errar is the 3™ error in
2 g % ne fa ligh the sequence, then the
I T s i . e B moderate dependency is af lesst moderate,
4 5 [ ¢ - high If this error is the 4™ errer in the

5 L d ne ] madérate seguence, then the dependency
3 3 d ne a lovwy i a1 least high.
7 . d 8 B | — m This rule may be ignored oaly if
- ' - d - L 1 " BA - lonr there 15 compelling svidence for
e d 5 ne 2 e less depersdence with the
1 [ d d & - moderate previous tasks,
11 H d d (TS na lan
12 d d i (i - how
S =R B o zEr0

Using P = Task Failure Probability Without Formal Dependence (calculated on page 2):

For Complete Dependence the probability of failure = 1.0

For High Dependence the probability of fuilure = {1+ Pp2
For Moderate Dependence the probability of failuore = (1 +6PW7

v For Low Dependence the probability of falure = {1+ 19PW20
For Zero Dependence the probability of failure = F

Task Failure Probability With Formal Dependence = (1+(_19_ *044  3)/20  =0.088

Additional Notes:
The following list iz dependency correction factors that are reguired i order to take into account the

dependency of the operator failures in a sequence cut set. By using value events, the original operator action
numes are nof removed or renemed o take pecount for their dependencies.
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Plant: Point Beach Event Name: _COND-XHE-XM-1A2

Task Error Description: Manual intiation of MFW ysing EOP-H.1 following recovery of instrument air
pressure {dependent)

D}oes this task contain a significant amount of diagnosis activity 7 YES . MO _X

If Yes, Use Table 1 below o evaluate the PSFs for the Diagnosis portion of the task before going to Table 2.
If Mo, go directly to Table 2.

IIahla- 1. Diagnosis worksheet.
|

| Multiplier | If non-rominal PSF levels are sclected, please
_ fir mobe specifle reasons inthis column
| PEFs P&F Lavels Diaggnasis
| 1. Avnilable Inadequate 1o
. Time Barely adequate < 20 m 10
Maminal = 30 m 1
Extra > &0 fi ) i w1 |
Expansive > 24 h .01 ;
L. Brresa ! Extreme o _S _____
High | 2
Muminal |
A Complexity | Highly 5
Moderstely : |
Mominal i
| 4, Experience’ | Low 19
Training Maminal ' 1
High 05 |
| 5. Procedures | Not available _ 50 i
i Available, but poor o 5
Mogninal - 1
Diagnostic/symplom oriented 0,5
6. Brgoromics | Missing/Mdesleading S
oo ) 1]
Mominal |
G 0.5
7. Fitness for | Unifit o 1.0
Lty Degraded Fitness | 5
Facmimal 1
E. Work | Pour 2
Pracesses | Moeninal 1
, Good 08 |

#. Task failure probability is 1.0 regardless of other PSFs.
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Table 2. Action worksheet,

PSFs PSF Levels | Multiplier | If non-nominal PSF levels are selected, please
I for nnde specific rexsans in this column
Action
1. Availahle Inadeguate 1.0 Recoyery of imstrumeent air eocurs ar the labest
Time Time available = time required 10 possible time 10 avert core uncovery.
Maminal 1
Available = 50 time required 0.01
| 2. Siress Exireme 3 Establishing MFW is the option of st resort.
High T Fallure o accomplish gk will result in care
Mominal - || demage.
3. Complexity | Highly 5 Estahliching MFW is not difficult to perform,
| Hawever, stahilizing the plant 2t saturated
Mlnderately el comditions with MFW and potential 51 from
overcoaling will add to the complexity
Mominal i comipared to MFW initiation |mmedistely
following loss of AFW.
4, Experience’ | Low 3
Truining Mominal I
High 0%
5. Procedares | Mot available A0
_ Avnilahle, but poor ¥
Miominal 1w
6. Ergonamics | MissingMislesding 50
Moo 10
ominal |
Crood 1.5
7. Friness for Uinfit L 1.0*
Dty Degraded Fitness | s
Moamdnal T v
£, Work Poar | 2
Procsases Memiinal I
Good 0.8

a. Task failure probability 15 1.0 regardless of other PSFs.

Table 3. Task failure probability withoutl formal dependence worksheet,

| Task Mam. Tieme Slress Cixmapd, I Exper) | Proced. | Ergon | Fitmess | Work Prob.

i Partion | Prob. T:I.I'I:I. e _I!'.m:m |

| Disg | 10E2 B - ) na
_ﬂ.l.‘.-l'Jl:l:li I.0E-1 10 1 z _ s 1 ___]__ ) 1 1 ) 1 d.0E-2

i Toial S 4 0E-Z |
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For all tasks, except the first task in the sequence, use the table and formulas below to calculate the Task
Failure Probability With Formal Dependence.

f'n-ndltlnn |l"r=1-l-'l[ﬂm= Location Time {claz I Ciezs Dependency Mumber of Humsan Action
| Mumhber |ordifferent)| (sameor | intime or not | (additional or Failures Rule
differend) | close in time) (i
additiomal)
1 ] g c - catiplete If this errar is the 3 error in
¥ 5 5 e na l |'I.ii]1. f.h-ﬂ.'ﬂq_m then the
3 . . ne N Jerate dependency is af [=ast moderate,
4 § d d = 1 _high  lifehis error is the 4™ error in the
5 5 d e na maderzte | geguence, then the dependency
& g d e i [ lers 15 &l least high.
7 - | msoderste [
d : = ¢ This rule may be ignared only if |
.i - d 3 e na |ow there s compelling evidence for
g d 5 ai nc a I less dependencs with the
w d d & - maderaie prrevious tasks,
i d d fic fif lowe
i2 d d e a I
13 — I

Using P = Task Failurc Probability Without Formal Dependence (calculated on page 2):

For Complete Dependence the probability of faillure = 1.0
For High Dependence the probability of failure = {1 +Py2
v For Moderate Dependence the probability of failure = (1 +6P)7
For Low Dependence the probability of failure = {1+ 19PW20
For Zero Dependence the probability of failure =P
Task Failure Probabality With Formal Dependence = (1 +{_6___ * (.04 niz =018

Additional Notes:

The following list is dependency correction factors that are required in order to take into account the
dependency of the operator fatlures in a sequence cut sel. By using value events, the original operator action
names are not rermoved or renamed to take account for their dependencies.
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