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Subject: License Amendment Request
Proposed Changes to Technical Specifications Sections 3.5.1, 3.6.2.3, 3.7.1.1,

3.7.1.2 and 3.8.1.1 to Extend the Allowed Outage Times

References: 1. NRC Regulatory Guide 1.174, "An Approach for Using Probabilistic Risk
Assessment in Risk-Informed Decisions on Plant-Specific Changes to the
Licensing Basis," Revision 1, November 2002.

2. NRC Regulatory Guide 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking: Technical Specifications," August 1998.

3. NRC Regulatory Guide 1.200, “An Approach for Determining the Technical
Adequacy of Probabilistic Risk Assessment Results for Risk-Informed
Activities,” Revision 1, January 2007.

Pursuant to 10 CFR 50.90, “Application for amendment of license or construction permit,”
Exelon Generation Company, LLC (Exelon), proposes changes to the Technical Specifications
(TS), Appendix A of Operating License Nos. NPF-39 and NPF-85 for Limerick Generating

Station (LGS), Units 1 and 2, respectively.

This submittal requests changes to extend the TS allowed outage time (AOT) for the Unit 1 and
Unit 2 Suppression Pool Cooling (SPC) mode of the Residual Heat Removal (RHR) system, the
Residual Heat Removal Service Water (RHRSW) system, the Emergency Service Water (ESW)
system, and the A.C. Sources - Operating (Emergency Diesel Generators) from 72 hours to
“seven (7) days in order to allow for repairs of the RHRSW system piping. Specifically, a
footnote will be added to the affected LCOs to indicate that the 72-hour AOT for the affected
system may be extended once per calendar year for one unit only for a period of up to 7 days to
allow for repairs of one RHRSW subsystem piping with the opposite unit shutdown, reactor
vessel head removed and reactor cavity flooded, and the compensatory measures in effect.
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The proposed changes have been evaluated using the risk informed processes described in
Regulatory Guide (RG) 1.174 (Reference 1) and RG 1.177 (Reference 2). The risk associated
with the proposed changes was found to be acceptable.

The LGS Generic Letter (GL) 89-13 Program performs periodic Ultrasonic Testing (UT) on the
safety-related raw water systems, ESW and RHRSW, to ensure that corrosion and erosion does
not degrade the structural integrity of the systems. Exelon has recently implemented a Buried
Pipe Raw Water Corrosion Program, which integrates and supplements the inspections
performed under the GL 89-13 program. The Buried Pipe Raw Water Corrosion Program utilizes
Guided Wave technology to perform qualitative assessment exams on the ESW and RHRSW
system piping.

The data gathered from both the UT and Guided Wave inspections is utilized by the station to
determine the scope for additional inspections and future repair/replacements. Based on the
inspections performed, LGS has identified that localized corrosion is evident in the large
diameter RHRSW and ESW system piping. Five Code Case N-661 weld overlay repairs were
performed on the 30" RHRSW return line piping (four overlays on the 'A' subsystem and one
overlay on the 'B' subsystem) to address flaw areas. Additional weld overlay repairs are
anticipated prior to replacement of the piping.

Strategic, proactive replacement of the large diameter RHRSW and ESW system piping is
necessary to preclude future emergent repair and replacement activities, and to ensure the
long-term reliability of the piping systems. LGS has developed a segmented approach for a
proactive replacement plan. The segments are prioritized based on a review of the UT data,
Guided Wave data, previous repair history and risk to plant operation. The first priority is the
RHRSW return line piping. The plan is to complete the replacement of portions of each RHRSW
return line during future refueling outages. The 'A' RHRSW return line piping is expected to
coincide with Unit 1 outages. The 'B' RHRSW return line piping is expected to coincide with Unit
2 outages. Piping replacement is currently scheduled to begin on the 'A' RHRSW return line
during the 2012 Unit 1 refueling outage. The RHRSW return lines are common to both units with
an AOT of 72 hours.

Attachment 1 provides the evaluation of the proposed changes. Attachment 2 provides the
marked-up TS pages indicating the proposed changes. Attachment 3 provides an evaluation of
the technical adequacy of the PRA and summary of PRA assessment in accordance with
Regulatory Guide 1.200, Revision 1 (Reference 3). Attachment 5 provides an overview drawing
of the ESW and RHRSW systems.

This amendment request contains one regulatory commitment to implement the compensatory
measures discussed in Section 4.2 of Attachment 1 during the extended AOTs. This
commitment is listed in Attachment 4.

Exelon has concluded that the proposed changes present no significant hazards consideration
under the standards set forth in 10 CFR 50.92.
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Exelon requests approval of the proposed amendment by March 19, 2011. Upon NRC
approval, the amendment shall be implemented within 60 days of issuance.

The proposed changes have been reviewed by the Plant Operations Review Committee and
approved by the Nuclear Safety Review Board.

We are notifying the State of Pennsylvania of this application for changes to the Technical
Specifications by transmitting a copy of this letter and its attachments to the designated State

Official.

If you have any questions or require additional information, please contact Glenn Stewart at
610-765-5529.

| declare under penalty of perjury that the foregoing is true and correct. Executed on the 19th
day of March 2010.

jctfully,

!
Pamela B. Cowan
Director, Licensing & Regulatory Affairs

Exelon Generation Company, LLC

Attachments: 1. Evaluation of Proposed Changes

2. Markup of Proposed Technical Specifications Pages
3. Risk Assessment and Technical Adequacy of the PRA
4. Summary of Regulatory Commitments

5

Emergency Service Water/RHR Service Water Overview Drawing

cc: Regional Administrator - NRC Region | w/ attachments
NRC Senior Resident Inspector - Limerick Generating Station "
NRC Project Manager, NRR - Limerick Generating Station
Director, Bureau of Radiation Protection - Pennsylvania Department
of Environmental Protection
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DESCRIPTION

Pursuant to 10 CFR 50.90, “Application for amendment of license or construction permit,”
Exelon Generation Company, LLC (Exelon), proposes changes to the Technical
Specifications (TS), Appendix A of Operating License Nos. NPF-39 and NPF-85 for
Limerick Generating Station (LGS), Units 1 and 2, respectively.

This submittal requests changes to extend the allowed outage time (AOT) for the Unit 1
and Unit 2 Suppression Pool Cooling (SPC) mode of the Residual Heat Removal (RHR)
system, the Residual Heat Removal Service Water (RHRSW) system, the Emergency
Service Water (ESW) system, and the A.C. Sources - Operating (Emergency Diesel
Generators [EDGs]) from 72 hours to seven (7) days in order to allow for repairs of the
RHRSW system piping. Specifically, a footnote will be added to the affected LCOs to
indicate that the 72-hour AOT for the affected systems may be extended once per
calendar year for one unit only for a period of up to 7 days to allow for repairs of one
RHRSW subsystem piping with the opposite unit shutdown, reactor vessel head removed
and reactor cavity flooded, and the compensatory measures in effect.

The proposed changes have been evaluated using the risk informed processes
described in Regulatory Guide (RG) 1.174 (Reference 1), and RG 1.177 (Reference 2).
The risk associated with the proposed changes was found to be acceptable.

A description and evaluation of the proposed changes are provided in this attachment.
Attachment 2 provides the marked-up TS pages indicating the proposed changes.
Attachment 3 provides the evaluation of the technical adequacy of the PRA and a
summary of the PRA assessment in accordance with Regulatory Guide 1.200 (Reference
3). Attachment 5 provides an overview drawing of the ESW and RHRSW systems.

PROPOSED CHANGES

Exelon proposes that TS 3.7.1.1, Action a.3, be revised (through the addition of a
footnote) to allow one subsystem of RHRSW to be inoperable for 7 days and TS 3.7.1.2,
Action a.3, be revised to allow one loop of ESW to be inoperable for 7 days. Exelon also
proposes that the TS affecting one loop of the SPC mode of RHR (TS 3.6.2.3, Action a.)
and two onsite A.C. Sources (EDGs; TS 3.8.1.1, Action b and Action e.1.) be revised to
allow them to be inoperable for the same 7-day period. In order to maintain compliance
with TS 3.5.1 (Emergency Core Cooling Systems [ECCS]), Exelon also proposes that the
OPCON 3 portion of the TS 3.5.1 APPLICABILITY statement be amended to allow,
during the extended AOT period, for the alignment of one Low Pressure Coolant Injection
(LPCI) subsystem of the RHR system in the RHR shutdown cooling (SDC) mode. These
extensions will be taken concurrently to permit completion of repairs to one RHRSW
subsystem piping during shutdown of one unit and operation of the other unit.

These proposed TS changes involve a revision to extend the AOT for one RHRSW
subsystem, one loop of the SPC mode of the RHR system, one ESW loop, and two
EDGs from 72 hours to 7 days. Specifically, a footnote will be added to the affected
LCOs to indicate that the 72-hour AOT for the affected system may be extended once per
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calendar year for one unit only for a period of up to 7 days to allow for repairs of one
RHRSW subsystem piping with the opposite unit shutdown, reactor vessel head removed
and reactor cavity flooded, and the compensatory measures identified in the NRC Safety
Evaluation approving this amendment request established and in effect. Markups
showing the specific changes to the affected TS pages are provided in Attachment 2.

BACKGROUND

RHRSW SYSTEM DESCRIPTION

The RHRSW system is a safety-related system, designed to supply cooling water to the
RHR heat exchangers of both units. The RHRSW system is designed to provide a
reliable source of cooling water for all operating modes of the RHR system, including
heat removal under post-accident conditions. It also provides water to flood the reactor
core, or to spray the primary containment after an accident, if necessary.

The system is common to the two reactor units, and consists of two subsystems. Each
subsystem services one RHR heat exchanger in each unit, and provides sufficient
cooling for safe shutdown, cooling, and accident mitigation of both units. The two
RHRSW system return headers are cross-connected for flexibility. Two valves in series
are provided on the cross-connect, so failure in one subsystem cannot affect the
operation of the other. Each subsystem has two pumps located in the spray pond pump
structure. One pump supplies 100% flow to one RHR heat exchanger. During two-unit
operation, there are two heat exchangers (one per unit), and therefore, two of the four
pumps are required for safe shutdown and accident mitigation.

The RHRSW system is available for normal shutdown or emergencies, and if necessary,
the RHRSW system can be used in conjunction with the RHR system SPC mode to
maintain the suppression pool below specified temperature limits.

The RHRSW pump motors obtain their power from separate Class 1E buses; the 'A' and
'B' pumps from Unit 1 buses D11 and D12, respectively, and the 'C' and 'D' pumps from
the Unit 2 buses D21 and D22, respectively. If a LOOP occurs, the EDGs start
automatically, providing emergency power to the buses. The pumps are started
manually.

The RHRSW return and the return from both ESW loops share a common return header
to the spray pond. Loss of one RHRSW/ESW return header does not affect the capability
of the second return header to safely shut down either or both units during emergency
conditions.

Under certain maintenance configurations, flow from the two ESW return headers may be
combined in one line for a limited period of time. Any active valves which could fail and
disable this line will be administratively controlled in the safe position. Passive failures
which could cause the total failure of this line during this limited duration have been
evaluated and are not considered credible.
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Upon standby EDG or ESW pump start, the RHRSW system automatically aligns itself to
the spray pond mode, if it is not already in that mode. If the cooling tower mode is
available, the system can be manually aligned to it. Bypass lines are provided to
discharge water directly to the pond, rather than the spray networks, during periods when
the pond is frozen.

The RHRSW pumps can be manually started from the control room. The 'A' RHRSW
pump and associated valves can be operated from the Unit 1 remote shutdown panel.
The 'C' RHRSW pump and associated valves can be operated from the Unit 2 remote
shutdown panel. The 'B' RHRSW pump can also be remote locally operated from the 'B'
RHRSW pump motor circuit breaker cubicle.

ESW SYSTEM DESCRIPTION

The ESW system is designed to supply cooling water to selected equipment during a
LOOP condition or LOCA. The ESW system is safety-related. The system is common to
Units 1 and 2, and consists of two independent loops (‘A" and 'B'), with two 50% system
capacity (100% loop capacity) pumps per loop. The ESW system is designed to supply
cooling water to the following safety-related equipment:

RHR motor oil coolers

RHR pump compartment unit coolers

Core spray pump compartment unit coolers

Control room chillers

Standby diesel generator heat exchangers

Reactor Core Isolation Cooling (RCIC) pump compartment unit coolers
High Pressure Coolant Injection (HPCI) pump compartment unit coolers
Spent fuel pools (makeup water)

S@ "0 a0oTD

In addition to the above equipment, emergency procedures direct providing ESW to the
following nonsafety-related equipment during a LOOP:

a. Reactor Enclosure Cooling Water (RECW) heat exchangers
b. Turbine Enclosure Cooling Water (TECW) heat exchangers

During normal plant operation all of the above equipment, with the exception of the
EDGs, is provided with cooling by the service water system. Essential heat loads
normally cooled by the service water system are automatically transferred to the ESW
system under LOOP and LOCA accident conditions.

The ESW pumps start automatically on EDG operation (e.g., EDGs D11 or D21 cause
ESW pump 'A' to start) after speed, voltage, and bus breaker conditions are met, and
after a load sequencing delay. ESW pump operation causes automatic valve and sluice
gate realignments to:

a. Take pump suction from the spray pond.
b. Provide ESW to safety-related equipment.
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c. Return the ESW to the spray pond via the RHRSW system.

Each EDG can be supplied with cooling water from ESW loop 'A' or loop 'B'. Normal
system alignment, however, is such that loop 'A' supplies cooling water to the D11/D21
and D13/D23 EDGs, and loop 'B' supplies the D12/D22 and D14/D24 EDGs.

Each loop is designed such that ESW flow to one unit can be isolated without adversely
affecting flow to the other unit.

The ESW pumps can be manually started from the control room. The 'A' ESW pump and
associated 'A' loop valves can be operated from the remote shutdown panel. The 'B' and
'C' ESW pumps can also be operated from the 'B' and 'C' pumps' motor circuit breaker
cubicles, respectively.

ESW loop 'A" and 'B' piping is physically separated or protected so that no single
postulated event can impair the system’s capability to perform its required safety
functions. The ESW flow is combined with the RHRSW flow before it is returned to the
spray pond or cooling tower. The return from each ESW loop is connected to both the 'A'
and 'B' RHRSW subsystems.

During certain maintenance configurations, one ESW loop may be lost due to the loss of
a single ESW/RHRSW combined return header. However, sufficient redundancy and
heat removal capacity remains in the other ESW loop such that ESW can perform its
safety function.

CURRENT CONDITION

The LGS Generic Letter 89-13 Program performs periodic Ultrasonic Testing (UT) on the
safety-related raw water systems, ESW and RHRSW, to ensure that corrosion and
erosion does not degrade the structural integrity of the systems. Exelon has recently
implemented a Buried Pipe Raw Water Corrosion Program, which integrates and
supplements the inspections performed under the GL 89-13 program. The Buried Pipe
Raw Water Corrosion Program utilizes Guided Wave technology to perform qualitative
assessment exams on the ESW and RHRSW system piping.

The data gathered from both the UT and Guided Wave inspections is utilized by the
station to determine the scope for additional inspections and future repair/replacements.
Based on the inspections performed, LGS has identified that localized corrosion is
evident in the large diameter RHRSW and ESW system piping. Five Code Case N-661
weld overlay repairs were performed on the 30" RHRSW return line piping (four overlays
on the 'A’ subsystem and one overlay on the 'B' subsystem) to address flaw areas.
Additional weld overlay repairs are anticipated prior to replacement of the piping.

Strategic, proactive replacement of the large diameter RHRSW and ESW system piping
is necessary to preclude future emergent repair and replacement activities, and to
ensure the long-term reliability of the piping systems. LGS has developed a segmented
approach for a proactive replacement plan. The segments are prioritized based on a
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review of the UT data, Guided Wave data, previous repair history and risk to plant
operation. The first priority is the RHRSW return line piping. The plan is to complete the
replacement of portions of each RHRSW return line during future refueling outages. The
'A' RHRSW return line piping is expected to coincide with Unit 1 outages. The 'B'
RHRSW return line piping is expected to coincide with Unit 2 outages. Piping
replacement is currently scheduled to begin on the 'A' RHRSW return line during the
2012 Unit 1 refueling outage. The RHRSW return lines are common to both units with an
AOT of 72 hours.

TECHNICAL ANALYSIS

These proposed TS changes are requested to allow adequate time to effect repairs of
piping in one RHRSW subsystem during a shutdown of one unit and operation of the
other unit.

The ESW and RHRSW systems each consist of two independent loops/subsystems,
common to both units (i.e., 'A' and 'B' loops/subsystems). One RHRSW subsystem will
be removed from service during this repair.

In order to minimize the impact to plant safety, both ESW loops will be aligned to return
through the remaining operable RHRSW return header. Therefore, cooling will be
maintained for all safety related equipment for the duration of the piping repairs.

PLANT SYSTEM IMPACT

The ESW and RHRSW systems and their supported systems are designed with
sufficient independence and redundancy such that the removal from service of a
component and/or subsystem will not prevent the systems from performing their required
safety function.

Based on the support functions of the ESW and RHRSW systems, a review of the plant
was performed to determine the impacts that the inoperable RHRSW subsystem would
have on other systems. The impacts were evaluated for each system as discussed
below. As described below, the consequences of any postulated accident occurring
during the extended AOTs were found to be bounded by the previous analyses
described in the LGS Updated Final Safety Analysis Report (UFSAR). Asterisks (*)
specified in any of the component ID numbers within this section delineate Unit 1 or Unit
2 equipment.

With 'A' RHRSW subsystem inoperable and drained for maintenance (Unit 2
operating and Unit 1 shutdown)

a. RHRSW -TS 3.7.1.1, ACTION a.3., provides for an AOT of 72 hours with one
RHRSW subsystem inoperable. The result of the inoperable RHRSW subsystem
is to declare the 'A' RHR heat exchanger inoperable on each unit. This impacts
the Unit 1 RHR modes of operation as described in Item c. below.
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The removal of the 'A' RHRSW subsystem from service will also result in the 'A’
RHRSW return header to the spray pond being inoperable. This header is also
used by the 'A" and 'B' loops of ESW. The impact on the ESW system is
evaluated in Iltem b. below.

Unit-2

For Unit 2 only, the removal of the 'A' RHRSW subsystem from service will also
temporarily eliminate the ability of the RHRSW system from supporting a non-TS
operation of the RHR system. The 'A' RHRSW subsystem is designed to be able
to provide water to the RHR system as a backup source for post-accident
containment spray and core flooding. The RHRSW supply to the RHR system is
used for extreme emergency conditions when the RHR system cannot perform
its cooling function. Since this is a non-TS function, and the probability of
needing this function during the extended AOTs is judged to be low, the loss of
this function for seven days is considered to be acceptable.

b. Emergency Service Water - TS 3.7.1.2, Action a.3., provides for an AOT of 72
hours with one ESW loop Inoperable. The result of the inoperable ESW loop is to
declare all equipment cooled by that ESW loop inoperable on each unit. With the
'A' RHRSW header inoperable, both the 'A' and 'B' loops of ESW shall be aligned
to return to the operable 'B' RHRSW return header only. With only one RHRSW
return header available, neither loop of ESW is single failure proof. However,
valves HV-11-011A, HV-11-011B, HV-11-015A and HV-11-015B are the only
single active failure components in the ESW system which would have the
potential for causing the complete failure of ESW during the extended AOT. The
ESW return valves, HV-11-011A and HV-11-011B, to the 'A' RHRSW return
header will be administratively controlled in the closed position and de-energized.
To assure the availability of ESW, the ESW return valves, HV-11-015A and HV-
11-015B, to the 'B' RHRSW return header will be administratively controlled in
the open position and de-energized prior to entering the extended AOT. This will
eliminate the possibility of a single active failure rendering ESW inoperable.

Even though the ESW system meets single active failure criteria in this
alignment, it will not be single passive failure proof. As a result, the ESW system
will not meet the requirements of GDC 44, "Suitable redundancy in components
and features, and suitable interconnections, leak detection, and isolation
capabilities shall be provided to assure that for onsite electric power system
operation (assuming offsite power is not available) and for offsite electric power
system operation (assuming onsite power is not available) the system safety
function can be accomplished, assuming a single failure." Therefore, the 'A' ESW
loop will be declared inoperable and the TS Action for a single ESW loop
inoperable will be entered. Associated components cooled by the 'A' ESW loop
will also be declared inoperable, as required by LGS TS 3/4.7.1.2, Action a.3,
"With one emergency service water system loop otherwise inoperable, declare all
equipment aligned to the inoperable loop inoperable™*, restore the inoperable
loop to OPERABLE status with at least one OPERABLE pump within 72 hours or
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be in at least HOT SHUTDOWN within the next 12 hours and in COLD
SHUTDOWN within the following 24 hours."

Unit 1

For Unit 1 only, the removal of the 'A" RHRSW subsystem from service will
temporarily eliminate the ability of the ESW system to provide a backup cooling
water supply for the TECW system. In this backup alignment, TECW is supplied
from the 'A' ESW loop, but the return from the TECW heat exchangers is piped
directly into the 'A' RHRSW return line, which will be drained and out of service.
While spurious opening of this valve would not cause sufficient loss of ESW flow
to disable the 'A' ESW loop, leakage from ESW into the inoperable 'A' RHRSW
subsystem is not desirable. Therefore, valve HV-012-110 will be administratively
controlled in the closed position and electrically disabled to prevent spurious
operation. This is not a safety related function of ESW. For Unit 1, declaring the
'A' ESW loop inoperable will not result in entering any additional TS actions,
since Technical Specification 3/4.7.1.2 only requires one loop of ESW in
operating conditions 4, 5 and *.

Unit 2

For Unit 2 only, declaring the 'A" ESW loop inoperable and entering TS 3/4.7.1.2,
Action a.3, will result in the following components also being declared inoperable
and entering into the accompanying TS Actions:

e D21 and D23 EDGs, TS 3.8.1.1, A.C. Sources, Action b.: "With two diesel
generators of the above required A.C. electrical power sources
inoperable, demonstrate the OPERABILITY of the remaining A.C.
sources by performing Surveillance Requirement 4.8.1.1.1.a within 1 hour
and at least once per 8 hours thereafter. ... Restore at least one of the
inoperable diesel generators to OPERABLE status within 72 hours or be
in at least HOT SHUTDOWN within the next 12 hours and in COLD
SHUTDOWN within the following 24 hours. See also ACTION e."

e D21 and D23 EDGs, TS 3.8.1.1, A.C. Sources, Action e.1: "For two train
systems, with one or more diesel generators of the above required A.C.
electrical power sources inoperable, verify within 2 hours and at least
once per 12 hours thereafter that at least one of the required two train
system subsystem, train, components, and devices is OPERABLE and its
associated diesel generator is OPERABLE. Otherwise, restore either the
inoperable diesel generator or the inoperable system subsystem to an
OPERABLE status within 72 hours or be in at least HOT SHUTDOWN
within the next 12 hours and in COLD SHUTDOWN within the following
24 hours."

e Unit 2 'A' Core Spray subsystem, TS 3.5.1, ECCS Operating, Action
a.1: "With one CSS subsystem inoperable, provided that at least two
LPCI subsystems are OPERABLE, restore the inoperable CSS
subsystem to OPERABLE status within 7 days or be in at least HOT
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SHUTDOWN within the next 12 hours and in COLD SHUTDOWN within
the following 24 hours."

e Unit2'A'and 'C' LPCI subsystems, TS 3.5.1, ECCS Operating, Action
b.4: "With two LPCI subsystems inoperable, provided that at least one
CSS subsystem is OPERABLE, restore at least three LPCI subsystems to
OPERABLE status within 7 days or be in at least HOT SHUTDOWN
within the next 12 hours and in COLD SHUTDOWN within the following
24 hours."

e Unit2'A'SPC loop, TS 3.6.2.3.a, Suppression Pool Cooling: See
discussion in paragraph c. RHR below under Decay Heat Removal
Capability.

While the above listed components will be declared inoperable, they will not be
removed from service and will be verified available to perform their design basis
function prior to entering the proposed configuration.

c. RHR - The inoperability of the 'A' RHR heat exchanger (due to the inoperability of
the 'A' RHRSW subsystem) impacts the various modes of RHR operation and
emergency core cooling system (ECCS) capability as discussed below.

DECAY HEAT REMOVAL CAPABILITY

The RHR heat exchangers provide methods of residual decay heat removal and
suppression pool/drywell temperature control. Residual decay heat removal is a
normal shutdown cooling mode of operation when a unit is shutdown. Two loops
of the SDC mode of RHR are required to be operable while in OPCON 3 (TS
3.4.9.1) with reactor vessel pressure less than the RHR cut-in permissive set
point, in OPCON 4 (TS 3.4.9.2), and in OPCON 5 (TS 3.9.11.2) with irradiated
fuel in the reactor vessel and the water level less than 22 feet above top of the
reactor pressure vessel flange, otherwise an alternate method of decay heat
removal is required to be demonstrated.

Unit 2 is expected to stay in OPCON 1. Therefore, these SDC modes of RHR TS
would not be applicable. However, since there is a possibility that Unit 2 might be
forced to shut down during the extended AOT period, the shutdown sequence
and compliance with TS must be evaluated. Upon entering OPCON 3, and while
depressurizing to the RHR cut-in permissive set-point, the 'B' and 'D' RHR pumps
would be maintained operable in their normal LPCI mode alignment. This would
maintain the plant's level of compliance with the TS (as required for the extended
AOTSs) during OPCON 3, prior to depressurizing below the RHR cut-in permissive
setpoint.

The LPCI alignment would maintain the two LPCI subsystems (i.e., 'B' and 'D")
operable for automatic operation. The 'B' loop of suppression pool spray (SPS)
and the 'B' loop of SPC would also be maintained operable since they could be
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aligned from the control room if an accident were to occur. Once the RHR cut-in
permissive set-point is reached in OPCON 3, then TS 3.4.9.1, ACTION a. must
be entered since only the 'B' loop of SDC would be operable. The 'B' loop of
SDC would be operable since it would be capable of being aligned from the
control room (except for system flushing) under normal shutdown conditions. The
operability of alternate methods of decay heat removal would be demonstrated to
meet the requirements of TS 3.4.9.1, ACTION a. The alternate methods of
decay heat removal that would be considered to meet TS 3.4.9.1, ACTION a. are
covered by LGS procedure GP-6.2, "Shutdown Operations - Shutdown Condition
Tech Spec Actions." However, an alternate method would only need to be put
into operation if the 'B' loop of SDC became inoperable and if the operability of
the 'B' loop of SDC could not be reestablished by implementing LGS Off Normal
procedure ON-121, "Loss of Shutdown Cooling."

In OPCONSs 4 or 5, the 'B' and 'D' loops of SDC, which both use the operable 'B'
RHR heat exchanger, will be considered operable in accordance with LGS
procedure GP-6.2 and will satisfy the shutdown cooling requirements in OPCONSs
4 and 5, if required.

The RHRSW system is manually operated and is not required during the first 10
minutes of an event. Long-term actions (i.e., greater than 10 minutes) will be
affected to the extent that only the 'B' RHR heat exchanger will be operable for
long-term decay heat removal. Long-term cooling requirements will be met by the
operable 'B' RHR heat exchanger and the operable 'B' RHRSW subsystem in
either the SPS or SPC modes of operation, as discussed below.

Decay heat removal for suppression pool/drywell temperature control is an
accident mitigation function. The RHR system supports this function by two
modes of operation, SPS and SPC, both of which utilize the RHR heat
exchangers. TS 3.6.2.2 requires that two loops of the SPS mode of the RHR
system be operable in OPCONSs 1, 2 and 3. The AOT for one inoperable loop of
SPS is seven days, therefore no relief from this AOT is required. TS 3.6.2.3
requires that two loops of SPC mode of the RHR system be operable in
OPCONSs 1, 2 and 3. The AOT for one inoperable loop of SPC is 72 hours. The
AOT for this LCO is proposed to be extended to seven days.

LGS UFSAR Section 6.2.1.1.3.3.1.6 demonstrates that one operable RHR heat
exchanger is adequate for accident mitigation. Two cases with only one operable
RHR heat exchanger are presented. In the first case, the operable RHR heat
exchanger is placed in service, in containment spray, while one LPCI pump and
one Core Spray subsystem inject water into the vessel. In the other case, the
RHR heat exchanger is placed in service with an associated RHR pump taking
suction from the suppression pool and discharging to the vessel while another
RHR pump (in LPCI mode of operation) and one Core Spray subsystem inject
directly into the vessel. Both cases assume a LOOP and that the HPCI system is
available for the entire accident. This analysis is for a rupture of a recirculation
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line and is bounding for other events. During the extended AOT, there will be
sufficient equipment available to operate in either one of these modes.

Since one RHRSW subsystem with two RHRSW pumps can mitigate a Design
Basis Accident (DBA) on one unit and support the safe shutdown of the other
unit, then the potential heat removal demand during the period that these TS
changes will be in effect is within the capacity of the single operable 'B' RHRSW
subsystem.

Therefore, by maintaining the 'B' RHR heat exchanger and the 'B' RHRSW
subsystem and associated equipment/systems operable during this period, the
RHR and RHRSW systems will be able to provide adequate decay heat removal,
and the consequences of an accident will remain unchanged.

The following components (if they were to individually fail) would have the
potential of completely preventing the RHR 'B' heat exchanger or the 'B' RHRSW
subsystem from performing their safety functions (i.e., requiring use of the heat
exchanger) while RHRSW subsystem 'A' is removed from service.

RHR heat exchanger, RHR inlet valve:
HV-51-*FO047B  (normally open - safety function - open)

RHR heat exchanger, RHR outlet valve:
HV-51-*FO03B  (normally open - safety function - open)

RHR heat exchanger, RHR bypass valve:
HV-C-51-*F048B (normally open - safety function - throttled closed)

RHR heat exchanger, RHRSW inlet valve:
HV-51-*F014B  (normally closed - safety function - open)

RHR heat exchanger, RHRSW outlet valve:
HV-51-*FO68B  (normally closed - safety function - throttled open)

RHRSW spray pond spray network B, inlet valve:
HV-12-032B (normally closed - safety function - open)

RHRSW spray pond spray network D, inlet valve:
HV-12-032D (normally closed - safety function - open)

RHRSW Pump 0B-P506 (normally standby - safety function running)
RHRSW Pump 0D-P506 (normally standby - safety function running)
Random failures of these components are included in the probabilistic risk

assessment and compensatory measures have been identified to reduce the risk
associated with these potential failures.
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d. Systems supporting RHRSW

RHRSW to spray nozzles crosstie (spray A/C to spray B/D)
HV-12-034A (normally closed — safety function —closed)

RHRSW to spray nozzles crosstie (spray A/C to spray B/D)
HV-12-034B (normally closed — safety function —closed)

The above valves separate the subsystem A and subsystem B spray networks.
These valves are all normally closed with the HV-12-034A valve locked closed
and de-energized. Therefore, separation of the operable 'B' RHRSW subsystem
from the inoperable 'A' RHRSW subsystem is maintained.

RHRSW to Unit 1 Cooling Tower Valves
HV-12-111 and HV-12-113 (D11 & D23)

Unit 1 Cooling Tower to RHRSW/ESW Wet Well Valves
HV-12-112 and HV-12-114 (D11 & D23)

The above valves isolate the 'A' RHRSW subsystem lines to and from the Unit 1
cooling tower. Since both EDG D11 and D23 will be verified available prior to
entering the proposed configuration, these valves will be capable of being
operated as designed.

RHRSW to Unit 2 Cooling Tower Valves
HV-12-211 and HV-12-213 (D12 & D24)

Unit 2 Cooling Tower to RHRSW/ESW Wet Well Valves
HV-12-212 and HV-12-214 (D12 & D24)

The above valves isolate the 'B' RHRSW subsystem lines to and from the Unit 2
cooling tower. Since both EDG D12 and D24 will be operable, these valves will
be capable of being operated as designed.

The RHRSW system was designed with sufficient capacity so that one RHRSW
subsystem with two pumps in operation and two spray networks can mitigate a
DBA on one unit while supporting the safe shutdown of the other unit. In order to
maintain the full operability of the 'B' RHRSW subsystem, Unit 1 EDGs D12 and
D14, and Unit 2 EDGs D22 and D24, will be maintained operable.

Therefore, the 'B' RHRSW subsystem can fulfill its design function during a DBA
and limit the consequences of the accident during the extended AOT.

e. Remote Shutdown System (RSS) - The capability to perform a plant shutdown
from the remote shutdown panel will not be available during the extended AOT
since equipment such as the ‘A’ RHRSW and ‘C’ RHRSW pumps are operated
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from the remote shutdown panel and will not be available. However, alternate
means of performing a remote plant shutdown are available by operating
equipment locally/remotely in accordance with station Special Event Procedure
SE-6, "Alternate Remote Shutdown."

f. Automatic Alignment of Spray Pond Sprays - With the 'A' RHRSW return header
drained and the 'A’ loop of ESW aligned to the operable 'B' RHRSW return
header, starting of the 'A" and 'C' ESW pumps will not cause automatic
realignment of the spray pond return from the winter bypass line to the spray
networks. Operator action will be required to realign the valves for this condition.
Since the modifications will be performed with one unit shutdown, the heat loads
that would be transferred to the spray pond following an accident in the operating
unit would be significantly lower than those used in the bounding spray pond
analysis. Therefore, any delays associated with manual alignment of the spray
valves would not adversely affect the maximum analyzed spray pond
temperature. This is not a unit specific impact.

With 'B' RHRSW Subsystem Inoperable and drained for maintenance (Unit 1
operating and Unit 2 shutdown)

a. RHRSW -TS 3.7.1.1, ACTION a.3., provides for an AOT of 72 hours with one
RHRSW subsystem inoperable. The result of the inoperable RHRSW subsystem
is to declare the 'B' RHR heat exchanger inoperable on each unit. This impacts
the Unit 1 RHR modes of operation as described in Item c. below.

The removal of the 'B' RHRSW subsystem from service will also result in the 'B'
RHRSW return header to the spray pond being inoperable. This header is also
used by the 'A" and 'B' loops of ESW. The impact on the ESW system is
evaluated in Iltem b. below.

Unit-1

For Unit 1 only, the removal of the 'B' RHRSW subsystem from service will also
temporarily eliminate the ability of the RHRSW system from supporting a non-TS
operation of the RHR system. The 'B' RHRSW subsystem is designed to be able
to provide water to the RHR system as a backup source for post-accident
containment spray and core flooding. The RHRSW supply to the RHR system is
used for extreme emergency conditions when the RHR system cannot perform
its cooling function. Since this is a non-TS function, and the probability of
needing this function during the extended AOTs is judged to be low, the loss of
this function for seven days is considered to be acceptable.

b. Emergency Service Water - TS 3.7.1.2, Action a.3., provides for an AOT of 72
hours with one ESW loop inoperable. The result of the inoperable ESW loop is to
declare all equipment cooled by that ESW loop inoperable on each unit. With the
'B' RHRSW header inoperable, both the 'A" and 'B' loops of ESW shall be aligned
to return to the operable 'A' RHRSW return header only. With only one RHRSW
return header available, neither loop of ESW is single failure proof. However,
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valves HV-11-011A, HV-11-011B, HV-11-015A and HV-11-015B are the only
single active failure components in the ESW system which would have the
potential for causing the complete failure of ESW during the extended AOT. The
ESW return valves, HV-11-015A and HV-11-015B, to the 'B' RHRSW return
header will be administratively controlled in the closed position and de-energized.
To assure the operability of ESW, the ESW return valves, HV-11-011A and HV-
11-011B, to the 'A' RHRSW return header will be verified open and
administratively controlled in the open position and de-energized prior to entering
the extended AOT. This will eliminate the possibility of a single active failure
rendering ESW inoperable.

Even though the ESW system meets single active failure criteria in this
alignment, it will not be single passive failure proof. As a result, the ESW system
will not meet the requirements of GDC 44, "Suitable redundancy in components
and features, and suitable interconnections, leak detection, and isolation
capabilities shall be provided to assure that for onsite electric power system
operation (assuming offsite power is not available) and for offsite electric power
system operation (assuming onsite power is not available) the system safety
function can be accomplished, assuming a single failure." Therefore, the 'B' ESW
loop will be declared inoperable and the TS Action for a single ESW loop
inoperable will be entered. Associated components cooled by the 'B' ESW loop
will also be declared inoperable, as required by LGS TS 3/4.7.1.2., Action a.3,
"With one emergency service water system loop otherwise inoperable, declare all
equipment aligned to the inoperable loop inoperable™*, restore the inoperable
loop to OPERABLE status with at least one OPERABLE pump within 72 hours or
be in at least HOT SHUTDOWN within the next 12 hours and in COLD
SHUTDOWN within the following 24 hours."

Unit 2

For Unit 2 only, the removal of the 'B' RHRSW subsystem from service will
temporarily eliminate the ability of the ESW system to provide a backup cooling
water supply for the TECW system. In this backup alignment, TECW is supplied
from the 'B' ESW loop, but the return from the TECW heat exchangers is piped
directly into the 'B' RHRSW return line, which will be drained and out of service.
While spurious opening of this valve would not cause sufficient loss of ESW flow
to disable the 'B' ESW loop, leakage from ESW into the inoperable 'B' RHRSW
subsystem is not desirable. Therefore, valve HV-012-210 will be administratively
controlled in the closed position and electrically disabled to prevent spurious
operation. This is not a safety related function of ESW. For Unit 2, declaring the
'B' ESW loop inoperable will not result in entering any additional TS actions,
since TS 3.7.1.2 only requires one loop of ESW in operating conditions 4, 5

and *.
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Unit 1

For Unit 1 only, declaring the 'B' ESW loop inoperable and entering TS 3.7.1.2,
Action a.3, will result in the following components also being declared inoperable
and entering into the accompanying TS Actions:

D12 and D14 EDGs, TS 3.8.1.1, A.C. Sources, Action b.: "With two diesel
generators of the above required A.C. electrical power sources
inoperable, demonstrate the OPERABILITY of the remaining A.C.
sources by performing Surveillance Requirement 4.8.1.1.1.a within 1 hour
and at least once per 8 hours thereafter. ... Restore at least one of the
inoperable diesel generators to OPERABLE status within 72 hours or be
in at least HOT SHUTDOWN within the next 12 hours and in COLD
SHUTDOWN within the following 24 hours. See also ACTION e."

D12 and D14 EDGs, TS 3.8.1.1, A.C. Sources, Action e.1: "For two train
systems, with one or more diesel generators of the above required A.C.
electrical power sources inoperable, verify within 2 hours and at least
once per 12 hours thereafter that at least one of the required two train
system subsystem, train, components, and devices is OPERABLE and its
associated diesel generator is OPERABLE. Otherwise, restore either the
inoperable diesel generator or the inoperable system subsystem to an
OPERABLE status within 72 hours or be in at least HOT SHUTDOWN
within the next 12 hours and in COLD SHUTDOWN within the following
24 hours."

Unit 1 'B' Core Spray subsystem, TS 3.5.1, ECCS Operating, Action
a.1: "With one CSS subsystem inoperable, provided that at least two
LPCI subsystems are OPERABLE, restore the inoperable CSS
subsystem to OPERABLE status within 7 days or be in at least HOT
SHUTDOWN within the next 12 hours and in COLD SHUTDOWN within
the following 24 hours."

Unit 1 'B' and 'D' LPCI subsystems, TS 3.5.1, ECCS Operating, Action
b.4: "With two LPCI subsystems inoperable, provided that at least one
CSS subsystem is OPERABLE, restore at least three LPCI subsystems to
OPERABLE status within 7 days or be in at least HOT SHUTDOWN
within the next 12 hours and in COLD SHUTDOWN within the following
24 hours."

Unit 1 'B' SPC loop, TS 3.6.2.3.a, Suppression Pool Cooling: See
discussion in paragraph c. RHR below under Decay Heat Removal
Capability

While the above listed components will be declared inoperable, they will not be
removed from service and will be verified available to perform their design basis
function prior to entering the proposed configuration.
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C.

RHR - The inoperability of the 'B' RHR heat exchanger (due to the inoperability of
the 'B' RHRSW subsystem) impacts the various modes of RHR operation and
ECCS capability as discussed below.

DECAY HEAT REMOVAL CAPABILITY

The RHR heat exchangers provide methods of residual decay heat removal and
suppression pool/drywell temperature control. Residual decay heat removal is a
normal shutdown cooling mode of operation when a unit is shutdown. Two loops
of the SDC mode of RHR are required to be operable while in OPCON 3 (TS
3.4.9.1) with reactor vessel pressure less than the RHR cut-in permissive set
point, in OPCON 4 (TS 3.4.9.2), and in OPCON 5 (TS 3.9.11.2) with irradiated
fuel in the reactor vessel and the water level less than 22 feet above top of the
reactor pressure vessel flange, otherwise an alternate method of decay heat
removal is required to be demonstrated.

Unit 1 is expected to stay in OPCON 1. Therefore, these SDC modes of RHR TS
would not be applicable. However, since there is a possibility that Unit 1 might be
forced to shutdown during the extended AOT period, the shutdown sequence
and compliance with TS must be evaluated. Upon entering OPCON 3, and while
depressurizing to the RHR cut-in permissive set-point, the 'A" and 'C' RHR pumps
would be maintained operable in their normal LPCI mode alignment. This would
maintain the plant's level of compliance with the TS (as required for the extended
AOTSs) during OPCON 3, prior to depressurizing below the RHR cut-in permissive
setpoint.

The LPCI alignment would maintain the two LPCI subsystems (i.e., 'A' and 'C')
operable for automatic operation. The 'A' loop of SPS and the 'A' loop of SPC
would also be maintained operable since they could be aligned from the control
room if an accident were to occur. Once the RHR cut-in permissive set-point is
reached in OPCON 3, then TS 3.4.9.1, ACTION a. must be entered since only
the 'A' loop of SDC would be operable. The 'A' loop of SDC would be operable
since it would be capable of being aligned from the control room (except for
system flushing) under normal shutdown conditions. The operability of alternate
methods of decay heat removal would be demonstrated to meet the
requirements of TS 3.4.9.1, ACTION a. The alternate methods of decay heat
removal that would be considered to meet TS 3.4.9.1, ACTION a. are covered by
LGS procedure GP-6.2, "Shutdown Operations - Shutdown Condition Tech Spec
Actions." However, an alternate method would only need to be put into operation
if the 'A" loop of SDC became inoperable and if the operability of the 'A’ loop of
SDC could not be reestablished by implementing LGS Off Normal Procedure
ON-121, "Loss of Shutdown Cooling."

In OPCONSs 4 or 5, the 'A" and 'C' loops of SDC, which both use the operable 'A'
RHR heat exchanger, will be considered operable in accordance with LGS
procedure GP-6.2 and will satisfy the shutdown cooling requirements in OPCONSs
4 and 5, if required.
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The RHRSW system is manually operated and is not required during the first 10
minutes of an event. Long-term actions (i.e., greater than 10 minutes) will be
affected to the extent that only the 'A' RHR heat exchanger will be operable for
long-term decay heat removal. Long-term cooling requirements will be met by the
operable 'A' RHR heat exchanger and the operable 'A' RHRSW subsystem in
either the SPS or SPC modes of operation, as discussed below.

Decay heat removal for suppression pool/drywell temperature control is an
accident mitigation function. The RHR system supports this function by two
modes of operation, SPS and SPC, both of which utilize the RHR heat
exchangers. TS 3.6.2.2 requires that two loops of the SPS mode of the RHR
system be operable in OPCONSs 1, 2 and 3. The AOT for one inoperable loop of
SPS is seven days, therefore no relief from this AOT is required. TS 3.6.2.3
requires that two loops of SPC mode of the RHR system be operable in
OPCONSs 1, 2 and 3. The AOT for one inoperable loop of SPC is 72 hours. The
AOT for this LCO is proposed to be extended to seven days.

LGS UFSAR Section 6.2.1.1.3.3.1.6 demonstrates that one operable RHR heat
exchanger is adequate for accident mitigation. Two cases with only one operable
RHR heat exchanger are presented. In the first case, the operable RHR heat
exchanger is placed in service, in containment spray, while one LPCI pump and
one Core Spray subsystem inject water into the vessel. In the other case, the
RHR heat exchanger is placed in service with an associated RHR pump taking
suction from the suppression pool and discharging to the vessel while another
RHR pump (in LPCI mode of operation) and one Core Spray subsystem inject
directly into the vessel. Both cases assume a LOOP and that the HPCI system is
available for the entire accident. This analysis is for a rupture of a recirculation
line and is bounding for other events. During the extended AOT, there will be
sufficient equipment available to operate in either of these modes.

Since one RHRSW subsystem with two RHRSW pumps can mitigate a DBA on
one unit and support the safe shutdown of the other unit, then the potential heat
removal demand during the period that these TS changes will be in effect is
within the capacity of the single operable 'A' RHRSW subsystem.

Therefore, by maintaining the 'A' RHR heat exchanger and the 'A' RHRSW
subsystem and associated equipment/systems operable during this period, the
RHR and RHRSW systems will be able to provide adequate decay heat removal,
and the consequences of an accident will remain unchanged.

The following components (if they were to individually fail) would have the
potential of completely preventing the RHR 'A' heat exchanger or the 'A' RHRSW
subsystem from performing their safety functions (i.e., requiring use of the heat
exchanger) while RHRSW subsystem 'B' is removed from service.
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RHR heat exchanger, RHR outlet valve:
HV-51-*FO03A  (normally open - safety function - open)

RHR heat exchanger, RHR inlet valve:
HV-51-*FO47A  (normally open - safety function - open)

RHR heat exchanger, RHR bypass valve:
HV-C-51-*FO48A (normally open - safety function - throttled closed)

RHR heat exchanger, RHRSW inlet valve:
HV-51-*FO14A  (normally closed - safety function - open)

RHR heat exchanger, RHRSW outlet valve:
HV-51-*FO68A  (normally closed - safety function - throttled open)

RHRSW spray pond spray network A, inlet valve:
HV-12-032A (normally closed - safety function - open)

RHRSW spray pond spray network C, inlet valve:
HV-12-032C (normally closed - safety function - open)

RHRSW Pump 0A-P506 (normally standby - safety function running)

RHRSW Pump 0C-P506 (normally standby - safety function running)

Random failures of these components are included in the probabilistic risk
assessment and compensatory measures have been identified to reduce the risk
associated with these potential failures.

d.

Systems supporting RHRSW

RHRSW to spray nozzles crosstie (spray A/C to spray B/D)
HV-12-034A (normally closed — safety function —closed)

RHRSW to spray nozzles crosstie (spray A/C to spray B/D)
HV-12-034B (normally closed — safety function —closed)

The above valves separate the subsystem A and subsystem B spray networks.
These valves are all normally closed with the HV-12-034A valve locked closed
and de-energized. Therefore, separation of the operable 'A' RHRSW subsystem
from the inoperable 'B' RHRSW subsystem is maintained.
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RHRSW to Unit 2 Cooling Tower Valves
HV-12-211 and HV-12-213 (D11 & D23)

Unit 2 Cooling Tower to RHRSW/ESW Wet Well Valves
HV-12-212 and HV-12-214 (D11 & D23)

The above valves isolate the 'B' RHRSW subsystem lines to and from the Unit 2
cooling tower. Since both EDG D11 and D23 will be operable, these valves will
be capable of being operated as designed.

RHRSW to Unit 1 Cooling Tower Valves
HV-12-111 and HV-12-113 (D12 & D24)

Unit 1 Cooling Tower to RHRSW/ESW Wet Well Valves
HV-12-112 and HV-12-114 (D12 & D24)

The above valves isolate the 'A' RHRSW subsystem lines to and from the Unit 1
cooling tower. Since both EDG D12 and D24 will be verified available prior to
entering the proposed configuration, these valves will be capable of being
operated as designed.

The RHRSW system was designed with the capacity so that one RHRSW
subsystem with two pumps in operation and two spray networks can mitigate a
DBA on one unit while supporting the safe shutdown of the other unit. In order to
maintain the full operability of the 'A" RHRSW subsystem, Unit 1 EDGs D11 and
D13, and Unit 2 EDGs D21 and D23, will be maintained operable.

Therefore, the 'A' RHRSW subsystem can fulfill its design function during a DBA
and limit the consequences of the accident during the extended AOT.

e. Remote Shutdown System (RSS) - The capability to perform a plant shutdown
from the remote shutdown panel will be available during the extended AOT since
equipment such as the ‘A’ RHRSW and ‘C’ RHRSW pumps are operated from
the remote shutdown panel and will be available.

f.  Automatic Alignment of Spray Pond Sprays - With the 'B' RHRSW return header
drained and the 'B' loop of ESW aligned to the operable 'A' RHRSW return
header, starting of the 'B' and 'D' ESW pumps will not cause automatic
realignment of the spray pond return from the winter bypass line to the spray
networks. Operator action will be required to realign the valves for this condition.
Since the modifications will be performed with one unit shutdown, the heat loads
that would be transferred to the spray pond following an accident in the operating
unit would be significantly lower than those used in the bounding spray pond
analysis. Therefore, any delays associated with manual alignment of the spray
valves would not adversely affect the maximum analyzed spray pond
temperature. This is not a unit specific impact.
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4.2

The minimum equipment required to mitigate the consequences of an accident
and/or safely shutdown the plant will be operable or the plant will be shut down.
Therefore, by extending certain AOTs and extending the assumptions concerning
the combinations of events for the longer duration of each extended AOT, Exelon
concludes, based on the evaluations above, that at least the minimum equipment
required to mitigate the consequences of an accident and/or safely shut down the
plant will still be operable during the extended AOT. Therefore, the consequences of
an accident previously evaluated in the SAR will not be increased.

COMPENSATORY MEASURES

The following assumptions and compensatory measures have been specified to reduce
the sources of increased risk in accordance with the guidelines provided in NUMARC
93-01, “Industry Guideline for Monitoring the Effectiveness of Maintenance at Nuclear
Power Plants,” (Reference 4). The implementation of the compensatory measures
described below during the extended AOTs represents a regulatory commitment as
indicated in Attachment 4.

A discussion of the compensatory actions with associated qualitative risk insights is
provided immediately below. The risk insights are included in parenthetical text, and
although they are not all explicitly accounted for in the PRA analysis discussed below,
they would all serve to reduce the risk during the extended AOT.

1. Adequate staffing will be maintained onsite to facilitate timely response to
unexpected conditions during the period of reliance on the extended AOTs. {This
action provides appropriate management and technical support to resolve
equipment issues in a timely manner thereby maximizing their availability for
plant transient mitigation.}

2. Besides the protected opposite RHRSW subsystems and ESW loop required to
be operable by TS, elective maintenance, discretionary maintenance and testing
on all RHR subsystems and EDGs that provide support to the protected RHRSW
subsystem will be suspended during the period of reliance on the extended
AOTs. Additionally, the following actions will be taken prior to entry into the
proposed configuration:

a. Proper standby alignment of the opposite RHRSW subsystem will be ensured
prior to entry into the AOT to reduce the contribution from potential pre-
initiator errors.
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b. Availability of the following equipment will be verified:.
»  When RHRSW subsystem A is unavailable:
- Diesel Generator 11
- Diesel Generator 21
- Diesel Generator 23
- ESW loop A
- Unit 2 LPCI subsystem A
- Unit 2 LPCI subsystem C
- Unit 2 Core Spray subsystem A

»  When RHRSW subsystem B is unavailable:
" Diesel Generator 12
" Diesel Generator 14
" Diesel Generator 24
" ESW loop B
. Unit 1 LPCI subsystem B
. Unit 1 LPCI subsystem D
" Unit 1 Core Spray subsystem B

Elective maintenance, discretionary maintenance and testing on the
above listed equipment will be suspended during the period of reliance on
the extended AOTSs.

{These actions will reduce risk by ensuring that risk significant plant
configurations are avoided.}

3. Activities that adversely affect risk exposure will be prohibited in the LGS 500kV
and 220kV electrical switchyards to minimize the possibility of an induced LOOP
and loss of power to protected equipment during the period of reliance on the
extended AOTs. {This action reduces the potential for an inadvertent LOOP
occurring due to switchyard activity and thereby decreases the likelihood of
LOORP or SBO initiating events.}

4. Operational Risk Activities will be restricted during the extended AOTs. Station
Vice-President approval will be required to perform emergent operational risk
activities during the period of reliance on the extended AOTs. {This action
reduces the likelihood of initiating events.}

5. The extended weather forecast will be examined to ensure severe weather
conditions that would threaten the loss of offsite power are not predicted prior to
entry into the AOT. In the event of an unforeseen severe weather condition due
to rapidly changing conditions, such as severe high winds, a briefing with crew
operators will be performed to reinforce operator actions and responses in the
event of a loss of offsite power (E-10/20). {This action increases the likelihood of
successful operator recovery actions in response to the initiating event of a loss
of off-site power.}
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6. Shift briefs will be performed to reinforce other potentially important operator
actions associated with the performance of the extended AOT (i.e., operator
actions to refill the condensate storage tank (CST), operator actions to vent
containment, operator actions to maximize control rod drive (CRD) injection to
the vessel, and operator actions to support continued use of feedwater and
condensate post-trip as necessary and if available). Additionally, during the ‘A’
RHRSW subsystem outage, a shift brief on alternate remote shutdown
operations will be performed since some of the normally operated equipment
from the remote shutdown panel will not be available. {These actions increase
the likelihood of success of operator actions that may be needed to respond to a
plant trip given one of the RHRSW subsystems is unavailable.}

7. Shift briefs and pre-job walkdowns to reduce and manage transient combustibles
prior to entrance into the extended AOT will be used to alert the staff about the
increased sensitivity to fires in the following areas during the extended RHRSW
outage windows. Additionally, any hot work activities in the following areas will
be prohibited during the time within the extended RHRSW AOT. {These actions
will reduce the overall risk from fire.}

For the 'A' RHRSW subsystem outage window:
Unit 1
¢ Fire Area 15, Unit 1 Division 2 (D12) safeguard 4kV switchgear room
¢ Fire Area 24, Main Control Room
o Fire Area 25, Auxiliary Equipment Room

Unit 2

o Fire Area 17, Unit 2 Division 2 (D22) safeguard 4kV switchgear room
¢ Fire Area 24, Main Control Room

o Fire Area 25, Auxiliary Equipment Room

For the 'B' RHRSW subsystem outage window:
Unit 1
o Fire Area 13, Unit 1 Division 1 (D11) safeguard 4kV switchgear room
¢ Fire Area 24, Main Control Room
o Fire Area 25, Auxiliary Equipment Room
¢ Fire Area 26, Remote Shutdown Panel

Unit 2

o Fire Area 19, Unit 2 Division 1 (D21) safeguard 4kV switchgear room
¢ Fire Area 24, Main Control Room

o Fire Area 25, Auxiliary Equipment Room

¢ Fire Area 26, Remote Shutdown Panel

8a. When the 'A' RHRSW return header is undergoing maintenance, the 'A' and 'B'
loop of ESW return flow shall be aligned to the operable 'B' RHRSW return
header only. The ESW return valves (i.e., HV-11-015A and HV-11-015B) to the
'B' RHRSW return header will be administratively controlled in the open position
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4.3

and de-energized prior to entering the extended AOT. The ESW return valves,
HV-11-011A and HV-11-011B, to the 'A' RHRSW return header will be
administratively controlled in the closed position and de-energized as part of the
work boundary. (See Item b. in the review of plant impacts described in Section
4.1.) {This action eliminates a potential single active failure that prevents ESW
return flow to the spray pond (ultimate heat sink), and therefore reduces overall
risk.}

8b. When the 'B' RHRSW return header is undergoing maintenance, the 'A' and 'B'
loop of ESW return flow shall be aligned to the operable 'A' RHRSW return
header only. The ESW return valves (i.e., HV-11-011A and HV-11-011B) to the
'A' RHRSW return header will be administratively controlled in the open position
and de-energized prior to entering the extended AOT. The ESW return valves,
HV-11-015A and HV-11-015B, to the 'B' RHRSW return header will be
administratively controlled in the closed position and de-energized as part of the
work boundary. (See Item b. in the review of plant impacts described in Section
4.1.) {This action eliminates a potential single active failure that prevents flow to
the spray pond (ultimate heat sink), and therefore reduces overall risk.}

FIVE KEY SAFETY PRINCIPLES

Regulatory Guide (RG) 1.174 (Reference 1) describes a risk-informed approach,
acceptable to the NRC, for assessing the nature and impact of proposed permanent
licensing-basis changes by considering engineering issues and applying risk insights.
This regulatory guide also provides risk acceptance guidelines for evaluating the results
of such evaluations.

RG 1.177 (Reference 2) describes an acceptable risk-informed approach specifically for
assessing proposed permanent TS changes in AOTs. This regulatory guide also
provides risk acceptance guidelines for evaluating the results of such evaluations.

One acceptable approach to making risk-informed decisions about proposed TS
changes is to show that the proposed changes meet the five key safety principles stated
in RG 1.174 and RG 1.177. These five key safety principles are addressed below.

1. COMPLIANCE WITH CURRENT REGULATIONS

10 CFR 50.36(c) provides that TS will include Limiting Conditions for Operation (LCOs)
which are “the lowest functional capability or performance levels of equipment required
for safe operation of the facility. When a limiting condition for operation of a nuclear
reactor is not met, the licensee will shut down the reactor or follow any remedial action
permitted by the technical specifications until the condition can be met.” The proposed
changes involve extension of the affected AOTs from 72 hours to 7 days. The LCOs
themselves remain unchanged, as do the required remedial actions or shutdown
requirements in accordance with 10 CFR 50.36(c). In addition, the proposed changes do
not deviate from any existing regulatory requirements. Therefore, the proposed changes
are consistent with current regulations.
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2, DEFENSE-IN-DEPTH PHILOSOPHY
Consistency with the defense-in-depth philosophy is maintained if:

o Areasonable balance is preserved among prevention of core damage,
prevention of containment failure, and consequence mitigation.

e Over-reliance on programmatic activities to compensate for weaknesses in plant
design is avoided.

e System redundancy, independence, and diversity are preserved commensurate
with the expected frequency, consequences of challenges to the system, and
uncertainties (e.g., no risk outliers).

e Defenses against potential common cause failures are preserved and the
potential for the introduction of new common cause failure mechanisms is
assessed.

Independence of barriers is not degraded.

Defenses against human errors are preserved.

The intent of the general design criteria in 10 CFR Part 50, Appendix A, is
maintained.

A discussion of the proposed changes against the defense-in-depth criteria listed above
is provided below.

A reasonable balance is preserved among prevention of core damage, prevention of
containment failure, and consequence mitigation.

The proposed change involves extensions of the AOT for the RHRSW system, the SPC
mode of the RHR system, the ESW system, and emergency A.C. power (EDGs) from 72
hours to 7 days for RHRSW subsystem piping repairs. The systems that are affected
during a particular RHRSW LCO outage are all associated with the subsystem that
corresponds to the affected RHRSW subsystem, leaving safety equipment supported by
the remaining RHRSW subsystem fully operable and capable of performing its safety
functions. Prevention of core damage will be assured based on the availability of
redundant and diverse high pressure and low pressure injection systems in conjunction
with depressurization systems that are supported by the operable RHRSW subsystem.
Additionally, ECCS pumps will be maintained operable or verified available prior to
entering the proposed configuration. Prevention of containment failure will be assured
based on adequate decay heat removal capability provided by safety systems supported
by the operable RHRSW subsystem. Although the proposed AOT changes do impact
core damage frequency (CDF) and large early release frequency (LERF), this impact is
reduced by the compensatory measures as described previously in Section 4.2. The
time averaged risk increase is acceptable because the proposed AOT changes are
temporary rather than permanent. Consequence mitigation remains acceptable during
the AOT extensions. Therefore, a reasonable balance among prevention of core
damage, prevention of containment failure, and consequence mitigation is preserved.
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Over-reliance on programmatic activities to compensate for weaknesses in plant design
is avoided.

The proposed change involves extensions of the AOT for the RHRSW system, the SPC
mode of the RHR system, the ESW system, and emergency A.C. power (EDGs) from 72
hours to 7 days for RHRSW subsystem piping repairs. The systems that are affected
during a particular RHRSW LCO outage are all associated with the subsystem that
corresponds to the affected RHRSW subsystem, leaving safety equipment supported by
the remaining RHRSW subsystem fully operable and capable of performing its safety
functions. The proposed extensions of the AOT (4-day increase to 7 days vs. the current
72-hour AQOT) results in a corresponding increase in the amount of time that the
redundancy that is normally afforded by the other (inoperable) RHRSW subsystem wiill
not be available, thereby increasing the amount of time that safety systems are
vulnerable to single failures. However, as discussed above, the ECCS equipment
remains operable or available. Steps will be taken to minimize the likelihood of losing
offsite power during the use of these AOT extensions.

Compensatory measures discussed previously in Section 4.2 include programmatic
activities. However, because this is a proposed change of limited duration, some use of
programmatic activities can be credited for minimizing the risks involved and for
maintaining defense-in-depth.

System redundancy, independence, and diversity are preserved commensurate with the
expected frequency, consequences of challenges to the system, and uncertainties (e.q.,
no risk outliers).

The safety equipment associated with the operable RHRSW subsystem will continue to
be capable of performing the necessary safety functions consistent with accident
analysis assumptions. Compensatory measures discussed previously, including (for
example) the restriction of all elective maintenance on the operable safety equipment,
will assure the availability and capability of the operable safety equipment while
operating in the allowed outage period. Therefore, sufficiently redundant, independent,
and diverse capabilities will be maintained for performing critical safety functions during
the proposed AOT extensions. A more detailed description of the system impacts was
previously discussed above.

Defenses against potential common cause failures are preserved and the potential for
the introduction of new common cause failure mechanisms is assessed.

As discussed in the previous paragraph, compensatory measures will be established to
assure the availability and capability of redundant, independent, and diverse means of
accomplishing critical safety functions during the proposed AOT extensions. The
proposed plant configuration poses no new common cause failures since the
compensatory measures taken (for example, administratively controlling HV-11-015A
and HV-11-015B open) ensure no single active failure will render the operable ESW loop
or RHRSW subsystem and supported systems inoperable. Existing station work
practices include programmatic controls to minimize the likelihood of human error
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induced common cause failures. As such, appropriate measures will be taken to
preserve defenses against potential common cause failures and no new common cause
failure mechanisms will be introduced.

Independence of barriers is not degraded.

As discussed above, means of achieving and maintaining safe shutdown conditions will
be maintained during the proposed AOT extensions. These means are independent,
redundant, and diverse and, consequently, they will prevent undue challenges to the fuel
cladding, reactor coolant pressure boundary, and containment from occurring.
Therefore, the independence of barriers will not be degraded by the proposed AOT
extensions.

Defenses against human errors are preserved.

Compensatory measures discussed previously in Section 4.2 will assure that critical
safety functions will be maintained during the proposed AOT extensions. The
compensatory measures include operator briefs to assure that the operating staff is fully
aware of the plant configuration and actions that may be needed in order to respond to
problems that could arise during the proposed AOT extensions for performing repairs of
one RHRSW subsystem piping. Compensatory measures will also be established to
prohibit discretionary maintenance on equipment required to be operable. The increased
AOT will provide the necessary time to implement RHRSW subsystem piping repairs.
This will reduce time pressure during the repairs, which will facilitate improved operator
and maintenance personnel performance resulting in reduced errors. These measures
will assure that the defenses against human errors will be adequately preserved during
the proposed AOT extensions.

The intent of the General Design Criteria in 10 CFR Part 50, Appendix A, is maintained.

The proposed change involves an extension of the current TS AOT for systems that are
impacted by the RHRSW subsystem piping repairs. The systems that are affected during
a particular RHRSW LCO outage are all associated with the subsystem that corresponds
to the affected RHRSW subsystem, leaving one train of safety equipment fully operable
and capable of performing its safety functions. The proposed changes do not modify the
plant design bases or the design criteria that were applied to structures, systems, and
components during plant licensing. Consequently, the plant design with respect to the
General Design Criteria is not affected by the proposed change.

3. EVALUATION OF SAFETY MARGINS

The design, operation, testing methods, and acceptance criteria for structures, systems,
or components (SSCs), specified in applicable codes and standards (or alternatives
approved for use by the NRC) will continue to be met as described in the plant licensing
basis (including the UFSAR and TS Bases), since these are not affected by the
proposed changes. Similarly, the proposed changes do not impact safety analysis
acceptance criteria as described in the plant licensing basis. In addition, the proposed
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changes do not impact any of the assumptions or inputs to the safety analyses. Thus,
safety margins are maintained by the proposed changes.

4, EVALUATION OF RISK IMPACT

For permanent TS changes, RG 1.174 and RG 1.177 provide numerical risk acceptance
guidelines that are helpful in determining whether or not the fourth key principle (small
risk increases consistent with the intent of the Commission's Safety Goal Policy
Statement) has been satisfied. These guidelines are not intended to be applied in an
overly prescriptive manner; rather, they provide an indication, in numerical terms, of
what is considered acceptable. The intent in comparing risk results with the risk
acceptance guidelines is to demonstrate with reasonable assurance that the fourth key
principle is met.

For limited applicability TS changes such as that requested in this amendment
application, examination of the risk metrics identified in RG 1.174 and RG 1.177
provides insight about the potential risk impacts, even though neither of these RGs
provides numerical risk acceptance guidelines for evaluating limited applicability TS
changes. However, it should be noted that NUMARC 93-01, “Industry Guideline for
Monitoring the Effectiveness of Maintenance at Nuclear Power Plants,” (Reference 4)
addresses monitoring risk during maintenance activities and provides quantitative
guidelines that indicate that routine activities should generally not involve an increase in
incremental conditional core damage probability (ICCDP) of greater than 1E-6 or an
incremental conditional large early release probability (ICLERP) of greater than 1E-7.
This planned RHRSW subsystem outage configuration would not be considered routine
maintenance. For limited applicability AOT changes, the ICCDP and ICLERP
acceptance guidelines of 1.0E-05 and 1.0E-06 are established for compatibility with the
ICDP and ILERRP limits in Section 11 of NUMARC 93-01, which is applicable for
voluntary maintenance activities requiring risk management actions (i.e., with effective
compensatory measures implemented to reduce the sources of increased risk). The
NRC has endorsed the NUMARC 93-01 guidelines in RG 1.182 (Reference 5).

The risk evaluation presented below addresses the last two key principles of the NRC
staff's philosophy of risk-informed decision-making, which concern changes in risk and
performance measurement strategies. These key principles were evaluated by using the
three-tiered approach described in RG 1.177.

Tier 1 - The first tier evaluates the LGS PRA and the impact of the change on plant
operational risk, as expressed by the change in core damage frequency (CDF) and the
change in large early release frequency (LERF). The change in risk is compared against
the acceptance guidelines presented in RG 1.174. The first tier also aims to ensure that
plant risk does not increase unacceptably during the period when equipment is taken out
of service per the license amendment, as expressed by the incremental conditional core
damage probability (ICCDP) and incremental conditional large early release probability
(ICLERP). The incremental risk is compared against the acceptance guidelines
presented in RG 1.177.
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Tier 2 - The second tier addresses the need to preclude potentially high-risk plant
configurations that could result if equipment, in addition to that associated with the
proposed license amendment, is taken out of service simultaneously, or if other risk-
significant operational factors such as concurrent system or equipment testing, are also
involved. The objective of this part of the review is to ensure that appropriate restrictions
on dominant risk-significant plant configurations associated with the AOT extensions are
in place.

Tier 3 - The third tier addresses the LGS overall configuration risk management program
to ensure that adequate programs and procedures are in place for identifying risk-
significant plant configurations resulting from maintenance or other operational activities
and taking appropriate compensatory measures to avoid such configurations. The
purpose of configuration risk management is to ensure that equipment removed from
service prior to or during the proposed extended AOT period will be appropriately
assessed from a risk perspective. For limited applicability TS changes such as that
requested in this amendment application, examination of the risk metrics identified in RG
1.174 and RG 1.177 provides insight about the potential risk impacts, even though
neither of these RGs provides numerical risk acceptance guidelines for evaluating
limited applicability TS changes against the fourth key principle. It can be demonstrated
with reasonable assurance that a TS change meets the fourth key principle if its
associated risk metrics satisfy the risk acceptance guidelines in RG 1 .174 and RG
1.177, or are not substantially above the risk acceptance guidelines in RG 1.174 and RG
1.177 and effective compensatory measures to maintain lower risk are implemented
while the TS change is in effect.

The discussion that follows addresses Tiers 1, 2, and 3 of RG 1.177.

Tier 1 - PRA Capability and Insights

The 2008A update to the LGS PRA model is the most recent evaluation of the risk profile
at LGS for internal event challenges. The LGS PRA modeling is highly detailed,
including a wide variety of initiating events, modeled systems, operator actions, and
common cause events. The PRA model quantification process used for the LGS PRA is
based on the event tree / fault tree methodology, which is a well-known methodology in
the industry.

There have been several assessments to support a conclusion that the LGS PRA model
adequately meets the PRA standard such that it can be used to support risk applications
in accordance with RG 1.200, “An Approach for Determining the Technical Adequacy of
Probabilistic Risk Assessment Results for Risk-Informed Activities.” These are all
described in Section 4 of Attachment 3.

The guidance in RG 1.200, Revision 1 also requires that additional information be
provided as part of the LAR submittal to demonstrate the technical adequacy of the PRA
model used for the risk assessment. This information along with the details of the risk
assessment performed for the proposed AOT extensions are also provided in
Attachment 3 of this submittal.
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The following table provides the risk metrics from the internal events, internal flood, and
internal fire models associated with the requested AOT extensions. Note that the values
in the table reflect the entire 7-day AOT for the 'A’ or 'B' RHRSW subsystem outage and
do not take direct credit for all of the compensatory measures identified above in Section
4.2. Also, note that external events risk (i.e., from seismic and other external hazards)
has been treated qualitatively or with bounding calculations as described in Attachment

3. In general, the identified compensatory measures will also reduce the risk from other

external events.

Figure of Merit Unit 1 Risk Unit 2 Risk
Assessment Result | Assessment Result

Delta CDF 1.03E-6/yr 9.88E-7/yr

ICCDP (RHRSW Subsystem A) 5.92E-7 6.72E-7

ICCDP (RHRSW Subsystem B) 1.39E-6 1.22E-6

Delta LERF"" 4.15E-10/yr 4.16E-10/yr

ICLERP (RHRSW Subsystem A)" | 1.15E-10 6.69E-10

ICLERP (RHRSW Subsystem B)" | 6.81E-10 1.28E-10

M This only includes internal events and internal floods since the internal fire PRA model
does not currently support LERF quantification, but as indicated in Attachment 3, the
potential contribution to LERF from internal fires would not lead to challenging the LERF
acceptable guidelines for the RHRSW subsystem extended AOT configurations.

Although not applicable, per se, to limited applicability TS changes, RGs 1.177 and
1.174 provide core damage risk increase acceptance thresholds of 5E-7 (ICCDP), 5E-8
(ICLERP), 1E-6/yr (delta-CDF), and 1E-7/yr (delta-LERF), respectively. All of the values
reported above for the extended AOT are either below or are not substantially above the
acceptance guidelines of these Regulatory Guides for permanent changes to the TS. In
addition, Exelon will implement the identified compensatory measures during the AOT.
These measures will effectively serve to lower the core damage and large early release
risk associated with the extended AOT. The compensatory measures to maintain lower
risk ensure that the TS change fully meets the intent of the ICCDP and ICLERP
acceptance guidelines of 1.0E-05 and 1.0E-06 established for compatibility with the
ICDP and ILERRP limits in Section 11 of NUMARC 93-01, which is applicable for
voluntary maintenance activities requiring risk management actions.

Tier 2 - Avoidance of Risk-Significant Plant Configurations

The compensatory measures identified in Section 4.2 all serve to lessen the calculated
increase in the core damage risk when an RHRSW subsystem is out-of-service.

Since the second compensatory measure that will be taken while in the extended AOT is
that certain other PRA-modeled equipment will not be voluntarily taken out-of-service,
risk-significant plant configurations are inherently avoided. Additionally, should an
emergent condition arise such that plant equipment becomes inoperable, in addition to
the planned out-of service equipment, the associated risk will be assessed and
managed in accordance with the Tier 3 program discussed below.



License Amendment Request Attachment 1
Changes to TS LCOs 3.5.1, 3.6.2.3, 3.7.1.1, 3.7.1.2 and 3.8.1.1 Page 29 of 37
Docket Nos. 50-352 and 50-353

Evaluation of Proposed Changes

Tier 3 - Risk-Informed Configuration Risk Management

Tier 3 requires a proceduralized process to assess the risk associated with both planned
and unplanned work activities. The objective of the third tier is to ensure that the risk
impact of out-of-service equipment is evaluated prior to performing any maintenance
activity. As stated in Section 2.3 of RG 1.177, "a viable program would be one that is
able to uncover risk-significant plant equipment outage configurations in a timely manner
during normal plant operation." The third-tier requirement is an extension of the second-
tier requirement, but addresses the limitation of not being able to identify all possible
risk-significant plant configurations in the second-tier evaluation. Programs and
procedures are in place at LGS which serve to address this objective. In particular,
Exelon procedure WC-AA-101, "On-Line Work Control Process,” is an integral part of the
work management process at the plant. The configuration risk management program in
WC-AA-101 ensures that configuration risk is assessed (using a blended approach that
combines defense-in-depth insights as well as PRA-based insights) and managed prior
to initiating any maintenance activity consistent with the requirements of 10 CFR
50.65(a)(4). This also ensures that risk is reassessed if an emergent condition results in
a plant configuration that has not been previously assessed.

PRA Analysis Summary

The PRA analysis demonstrates with reasonable assurance that the proposed TS
change satisfies the risk acceptance guidelines in RG 1.174 and RG 1.177, or is not
substantially above the risk acceptance guidelines in RG 1.174 and RG 1.177. This
combined with effective compensatory measures to maintain lower risk ensures that the
TS change fully meets the intent of the ICCDP and ICLERP acceptance guidelines of
1.0E-05 and 1.0E-06 established for compatibility with the ICDP and ILERP limits in
Section 11 of NUMARC 93-01, which is applicable for voluntary maintenance activities
requiring risk management actions.

Additionally, a PRA technical adequacy evaluation was performed consistent with the
requirements of RG 1.200, Revision 1. This included a process to identify potential key
sources of model uncertainty and related assumptions associated with this application.
This resulted in the identification of issues that could both decrease or increase the
calculated risk metrics. None of these identified sources of uncertainty were significant
enough to change the conclusions from the risk assessment results presented here.

The information related to the headings below is contained in the Evaluation of Risk
Impact discussion above or in the overall PRA discussion provided in Attachment 3. A
brief description of where this information is included is provided below.

Quality of the PRA

Information regarding the technical adequacy of the PRA model consistent with the
guidance in RG 1.200, Rev. 1 is included in Section 4 of Attachment 3.
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5.0

5.1

Scope of the PRA

A discussion of the scope of the PRA model used for this evaluation is provided in
Section 1.4 of Attachment 3.

PRA Modeling

The PRA modeling of the risk assessment is discussed in Section 1.5 and Section 3 of
Attachment 3.

Assumptions

A discussion of potential key assumptions for the risk assessment is provided in
Appendix B of Attachment 3.

Sensitivity and Uncertainty Analyses

A discussion of sensitivities and sources of model uncertainty are provided in Appendix
B of Attachment 3.

Use of Compensatory Measures

The identification of the compensatory measures was derived from a detailed review of
the results of the risk assessment provided in Attachment 3. Qualitative impacts on the
PRA analysis of the compensatory measures are identified in Section 4.2 and the Tier 2
discussion above. Although not all compensatory actions can be explicitly credited in
the base PRA analysis, the identified actions would lessen the overall risk incurred
during the extended AOT.

Contemporaneous Configuration Control

The configuration risk management process is discussed in the Tier 3 discussion
provided above.

5. IMPLEMENTATION AND MONITORING

Equipment performance monitoring at LGS is accomplished through implementation of
the Maintenance Rule in accordance with the requirements of 10 CFR 50.65.

REGULATORY ANALYSIS

No Significant Hazards Consideration

Exelon has concluded that the proposed changes to the Limerick Generating Station,
Unit 1 and Unit 2, Technical Specifications, which involve changes to extend the Allowed

Outage Time (AOT) for the Residual Heat Removal Service Water (RHRSW) system,
the Suppression Pool Cooling (SPC) mode of the Residual Heat Removal (RHR)
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system, Emergency Service Water (ESW) system, and Emergency A.C. Power from 72
hours to 7 days do not involve a Significant Hazards Consideration. In support of this
determination, an evaluation of each of the three (3) standards, set forth in 10 CFR
50.92, "Issuance of amendment," is provided below.

1.

Do the proposed changes involve a significant increase in the probability
or consequences of an accident previously evaluated?

Response: No.

The proposed TS changes will not increase the probability of an accident since
they will only extend the time period that one RHRSW subsystem, one loop of
SPC, one ESW loop and two Emergency Diesel Generators (EDGs) can be out
of service. The extension of the time duration that one RHRSW, one ESW loop
and two EDGs are out of service has no direct physical impact on the plant. The
proposed inoperable RHRSW subsystem, ESW loop and two EDGs are normally
in a standby mode while the unit is in OPCON 1 or 2 and are not directly
supporting plant operation. Therefore, they can have no impact on the plant that
would make an accident more likely to occur due to their inoperability.

During transients or events which require these subsystems to be operating,
there is sufficient capacity in the operable loops/subsystems and available but
inoperable equipment to support plant operation or shutdown. Therefore, failures
that are accident initiators will not occur more frequently than previously
postulated as a result of the proposed changes.

In addition, the consequences of an accident previously evaluated in the Updated
Final Safety Analysis Report (UFSAR) will not be increased. With one RHRSW
subsystem inoperable, one SPC loop, one ESW loop and two EDGs inoperable
but verified available prior to entering the proposed configuration, a known
quantity of equipment is inoperable. Based on the support functions of the
RHRSW system, a review of the plant was performed to determine the impacts
that the inoperable RHRSW subsystem would have on other systems. The
impacts were identified for each system and it was determined whether there
were any adverse affects on the systems. It was then determined how the
adverse affects would impact each system's design basis and overall plant
safety. The consequences of any postulated accidents occurring on Unit 1 or Unit
2 during these AOT extensions was found to be bounded by the previous
analyses as described in the UFSAR. Since the inoperable ESW loop, selected
emergency core cooling system (ECCS) pumps and EDGs will be verified
available prior to entering the proposed configuration, they would have no impact
on other systems.

The minimum equipment required to mitigate the consequences of an accident
and/or safely shut down the plant will be operable or available. Therefore, by
extending certain AOTs and extending the assumptions concerning the
combinations of events for the longer duration of each extended AOT, Exelon
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concludes that at least the minimum equipment required to mitigate the
consequences of an accident and/or safely shut down the plant will still be
operable or available during the extended AOT.

Therefore, the proposed changes do not involve a significant increase in the
probability or consequences of an accident previously evaluated.

2. Do the proposed changes create the possibility of a new or different kind of
accident from any accident previously evaluated?

Response: No.

The proposed TS changes will not create the possibility of a different type of
accident since they will only extend the time period that one RHRSW subsystem
and one loop of SPC can be out of service, and one ESW loop and two EDGs
can be inoperable but verified available prior to entering the proposed
configuration. The extension of the time duration that one RHRSW subsystem
and one SPC loop is out of service, and one ESW loop and two EDGs are
inoperable but verified available prior to entering the proposed configuration has
no direct physical impact on the plant and does not create any new accident
initiators. The systems involved are accident mitigation systems. All of the
possible impacts that the inoperable equipment may have on its supported
systems were previously analyzed in the UFSAR and are the basis for the
present TS Action statements and AOTs. The impact of inoperable support
systems for a given time duration was previously evaluated and any accident
initiators created by the inoperable systems was evaluated. The lengthening of
the time duration does not create any additional accident initiators for the plant.

Therefore, the proposed changes do not create the possibility of a new or
different kind of accident from any accident previously evaluated.

3. Do the proposed changes involve a significant reduction in a margin of
safety?

Response: No.

The present RHRSW, SPC, ESW and EDG AOT limits were set to ensure that
sufficient safety-related equipment is available for response to all accident
conditions and that sufficient decay heat removal capability is available for a loss
of coolant accident (LOCA) coincident with a loss of offsite power (LOOP) on one
unit and simultaneous safe shutdown of the other unit. A slight reduction in the
margin of safety is incurred during the proposed extended AOT due to the
increased risk that an event could occur in a 7-day period versus a 72-hour
period. This increased risk is judged to be minimal due to the low probability of
an event occurring during the extended AOT and based on the following
discussion of minimum ECCS/decay heat removal requirements.



License Amendment Request Attachment 1
Changes to TS LCOs 3.5.1, 3.6.2.3, 3.7.1.1, 3.7.1.2 and 3.8.1.1 Page 33 of 37
Docket Nos. 50-352 and 50-353

Evaluation of Proposed Changes

5.2

The inoperable ESW loop, selected ECCS pumps and EDGs will be verified
available prior to entering the proposed configuration; therefore, extension of the
AOT will have no affect on the minimum ECCS equipment available or margin of
safety.

The reduction in the margin of safety from the extension of the RHRSW, SPC,
ESW and EDG AOT limits is not significant since the remaining operable ECCS
equipment is adequate to mitigate the consequences of any accident. This
conclusion is based on the information contained in General Electric Company
documents NEDO-24708A, "Additional Information Required for NRC Staff
Generic Report on Boiling Water Reactors," Revision 1, dated December 1980,
and NEDC3093P-A, "BWR Owner's Group Technical Specification Improvement
Methodology (with Demonstration for BWR ECCS Activation Instrumentation),"
dated December 1988. These documents describe the minimum requirements to
successfully terminate a transient or LOCA initiating event (with scram),
assuming multiple failures with realistic conditions, and were used to justify
certain TS AOTs per UFSAR Sections 6.3.1.1.2.0 and 6.3.3.1. The minimum
requirements for short-term response to an accident would be either one Low
Pressure Coolant Injection (LPCI) pump or one Core Spray subsystem in
conjunction with Automatic Depressurization System (ADS), or the High Pressure
Coolant Injection (HPCI) system, which would be adequate to re-flood the vessel
and maintain core cooling sufficient to preclude fuel damage. For long-term
response, the minimum requirements would be one loop of RHR for decay heat
removal, along with another low pressure ECCS subsystem. These minimum
requirements will be met since implementation of the proposed TS changes will
require the operability or availability of HPCI, ADS, two LPCI subsystems (or one
LPCI subsystem and one RHR subsystem during decay heat removal) and one
Core Spray subsystem be maintained during the 7-day period.

Operations personnel are fully qualified by normal periodic training to respond to
and mitigate a Design Basis Accident, including the actions needed to ensure
decay heat removal while LGS Unit 1 and Unit 2 are in the operational
configurations described within this submittal. Accordingly, procedures are
already in place that address safe plant shutdown and decay heat removal for
situations applicable to those in the proposed AOTs.

Therefore, the proposed changes do not involve a significant reduction in a
margin of safety.

Based on the above, Exelon concludes that the proposed amendment presents no
significant hazards consideration under the standards set forth in 10 CFR 50.92(c), and,
accordingly, a finding of “no significant hazards consideration” is justified.

Applicable Regulatory Requirements/Criteria

10 CFR 50.36(c) provides that TS will include Limiting Conditions for Operation (LCOs)
which are “the lowest functional capability or performance levels of equipment required
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for safe operation of the facility. When a limiting condition for operation of a nuclear
reactor is not met, the licensee will shut down the reactor or follow any remedial action
permitted by the technical specifications until the condition can be met.” The proposed
changes involve extensions of the affected AOTs from 72 hours to 7 days. The LCOs
themselves remain unchanged, as do the required remedial actions or shut down
requirements in accordance with 10 CFR 50.36(c). Therefore, the proposed changes are
consistent with current regulations.

Regulatory Guide (RG) 1.174, "An Approach for Using Probabilistic Risk Assessment in
Risk-Informed Decisions on Plant-Specific Changes to the Licensing Basis," (Reference
1) describes a risk-informed approach, acceptable to the NRC, for assessing the nature
and impact of proposed permanent licensing-basis changes by considering engineering
issues and applying risk insights. This regulatory guide also provides risk acceptance
guidelines for evaluating the results of such evaluations.

RG 1.177, "An Approach for Plant-Specific, Risk-Informed Decisionmaking: Technical
Specifications," (Reference 2) describes an acceptable risk-informed approach
specifically for assessing proposed permanent TS changes in AOTs. This regulatory
guide also provides risk acceptance guidelines for evaluating the results of such
evaluations.

One acceptable approach to making risk-informed decisions about proposed TS
changes is to show that the proposed changes meet the five key safety principles stated
in RG 1.174 and RG 1.177 shown below.

1. The proposed change meets the current regulations unless it is explicitly related
to a requested exemption or rule change.

2. The proposed change is consistent with the defense-in-depth philosophy.

3. The proposed change maintains sufficient safety margins.

4. When proposed changes result in an increase in core-damage frequency (CDF)
or risk, the increases should be small and consistent with the intent of the
Commission's Safety Goal Policy Statement.

5. The impact of the proposed change should be monitored using performance
measurement strategies.

The five principles are discussed in Section 4.0 of this attachment.

RG 1.200, Revision 1, describes one acceptable approach for determining whether the
quality of the PRA, in total or the parts that are used to support an application, is
sufficient to provide confidence in the results, such that the PRA can be used in
regulatory decision-making for light-water reactors. The guidance is intended to be
consistent with the NRC’s PRA Policy Statement and subsequent, more detailed,
guidance in RG 1.174. It is also intended to reflect and endorse guidance provided by
standards-setting and nuclear industry organizations. In RG 1.200, as in RG 1.174, the
quality of a PRA analysis used to support an application is measured in terms of its
appropriateness with respect to scope, level of detail, and technical acceptability. A
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discussion of the technical adequacy of the LGS PRA relative to its use in support of this
license amendment based on RG 1.200, Revision 1 is provided in Attachment 3.

Although not the direct subject matter of this requested amendment, the following 10
CFR 50, Appendix A, General Design Criteria apply to the systems covered by the
proposed changes in this amendment application.

CRITERION 17 - ELECTRIC POWER SYSTEMS

"An onsite electric power system and an offsite electric power system shall be provided
to permit the functioning of structures, systems, and components important to safety.
The safety function for each system (assuming the other system is not functioning) shall
be to provide sufficient capacity and capability to assure that (1) specified acceptable
fuel design limits and design conditions of the reactor coolant pressure boundary are not
exceeded as a result of anticipated operational occurrences and (2) the core is cooled
and containment integrity and other vital functions are maintained in the event of
postulated accidents.

The onsite electric power supplies, including the batteries, and the onsite electric
distribution system shall have sufficient independence, redundancy, and testability to
perform their safety functions assuming a single failure.

Electric power from the transmission network to the onsite electric distribution system
shall be supplied by two physically independent circuits (not necessarily on separate
rights of way) designed and located so as to minimize to the extent practical the
likelihood of their simultaneous failure under operating and postulated accident and
environmental conditions. A switchyard common to both circuits is acceptable. Each of
these circuits shall be designed to be available in sufficient time following a loss of all
onsite alternating current power supplies and the other offsite electric power circuit, to
assure that specified acceptable fuel design limits and design conditions of the reactor
coolant pressure boundary are not exceeded. One of these circuits shall be designed to
be available within a few seconds following a loss-of-coolant accident to assure that core
cooling, containment integrity, and other vital safety functions are maintained. Provisions
shall be included to minimize the probability of losing electric power from any of the
remaining supplies as a result of, or coincident with, the loss of power generated by the
nuclear power unit, the loss of power from the transmission network, or the loss of power
from the onsite electric power supplies."

CRITERION 34 - RESIDUAL HEAT REMOVAL.

"A system to remove residual heat shall be provided. The system safety function shall be
to transfer fission product decay heat and other residual heat from the reactor core at a
rate such that specified acceptable fuel design limits and the design conditions of the
reactor coolant pressure boundary are not exceeded. Suitable redundancy in
components and features, and suitable interconnections, leak detection, and isolation
capabilities shall be provided to assure that for onsite electric power system operation
(assuming offsite power is not available) and for offsite electric power system operation
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6.0

(assuming onsite power is not available) the system safety function can be
accomplished, assuming a single failure."

CRITERION 38 - CONTAINMENT HEAT REMOVAL.

"A system to remove heat from the reactor containment shall be provided. The system
safety function shall be to reduce rapidly, consistent with the functioning of other
associated systems, the containment pressure and temperature following any loss-of-
coolant accident and maintain them at acceptably low levels. Suitable redundancy in
components and features, and suitable interconnections, leak detection, isolation, and
containment capabilities shall be provided to assure that for onsite electric power
system operation (assuming offsite power is not available) and for offsite electric power
system operation (assuming onsite power is not available) the system safety function
can be accomplished, assuming a single failure."

CRITERION 44 - COOLING WATER

"A system to transfer heat from structures, systems, and components important to
safety, to an ultimate heat sink shall be provided. The system safety function shall be to
transfer the combined heat load of these structures, systems, and components under
normal operating and accident conditions. Suitable redundancy in components and
features, and suitable interconnections, leak detection, and isolation capabilities shall be
provided to assure that for onsite electric power system operation (assuming offsite
power is not available) and for offsite electric power system operation (assuming onsite
power is not available) the system safety function can be accomplished, assuming a
single failure."

Finally, 10 CFR 50.36, "Technical specifications," requires that a licensee's TS be
derived from the analyses and evaluation included in the safety analysis report.

There are no changes being proposed in this amendment application such that
commitments to the regulatory requirements and guidance documents above would
come into question. The evaluations documented above confirm that LGS will continue
to comply with all applicable regulatory requirements.

In conclusion, based on the considerations discussed above, (1) there is reasonable
assurance that the health and safety of the public will not be endangered by operation in
the proposed manner, (2) such activities will be conducted in compliance with the
Commission’s regulations, and (3) the issuance of the amendment will not be inimical to
the common defense and security or to the health and safety of the public.

ENVIRONMENTAL CONSIDERATION

A review has determined that the proposed amendment would change a requirement
with respect to installation or use of a facility component located within the restricted
area, as defined in 10 CFR 20, or would change an inspection or surveillance
requirement. However, the proposed amendment does not involve (i) a significant
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hazards consideration, (ii) a significant change in the types or significant increase in the
amounts of any effluent that may be released offsite, or (iii) a significant increase in
individual or cumulative occupational radiation exposure. Accordingly, the proposed
amendment meets the eligibility criterion for categorical exclusion set forth in 10 CFR
51.22(c)(9). Therefore, pursuant to 10 CFR 51.22(b), no environmental impact
statement or environmental assessment need be prepared in connection with the
proposed amendment.
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3/4.5 EMERGENCY CORE COOLING SYSTEMS
3/4.5.1 ECCS - OPERATING
IMITING CONDITION FOR OPERATION

3.5.1 The emergency core cooling systems shall be OPERABLE with:

The core spray system (CSS) consisting of two subsystems with each
subsystem comprised of:

1. Two OPERABLE CSS pumps, and

2. An OPERABLE flow patch capable of taking suction from the
suppression chamber and transferring the water through the spray

sparger to the reactor vessel.

b. The low pressure coolant injection (LPCI) system of the residual
heat removal system consisting of four subsystems with each

subsystem comprised of:
1. One OPERABLE LPCI pump, and

2. An OPERABLE flow path capable of taking suction from the
suppression chamber and transferring the water to the reactor

vessel.
c. The high pressure coolant injection (HPCI) system consistkng of:

a.

1. One OPERABLE HPCI pump, and

2. An OPERABLE flow path capable of taking suction from the
suppression chamber and transferring the water to the reactor

vessel.
d. The automatic depressurization system (ADS) with at least five

OPERABLE ADS valves.
APPLICABILITY: OPERATIONAL CONDITION 1, 2% ** #, and 3* **

*The HPCI system is not required to be OPERABLE when reactor steam dome
pressure is less than or equal to 200 psig.

**The ADS is not required to be OPERABLE when the reactor steam dome pressure is
less that or equal to 100 psig.

#See Special Test Exception 3.10.6.

##Two LPCI subsystems of the RHR system may be inoperable in that they are aligned
in the shutdown cooling mode when reactor vessel pressure is less than the

RHR Shutdown cooling permissive setpoint.

LIMERICK - UNIT 1 3/4 5-1 Amendment No. 33, g6, 131
NOV 1 6 1998



INSERT [A] (ECCS 3.5.1 APPLICABILITY)

#* Once per calendar year for one unit only, during the extended Allowed Qutage Time period
of up to 7 days to allow for repairs of one RHRSW subsystem piping, in addition to two
inoperable LPCI subsystems and one inoperable CSS subsystem, one of the two remaining
LPCI subsystems may be inoperable in that it is aligned in the shutdown cooling mode
when reactor vessel pressure is less than the RHR Shutdown Cooling permissive setpoint.



CONTAINMENT SYSTEMS
SUPPRESSION POQL COOLING

LIMITING CONDITION FQR OPERATION

3.6.2.3 The suppression pool cocling mode of the residual heat removal (RHR)
system shall be QPERABLE with two independent Tloops, each loop consisting of:

a. One OPERABLE RHR pump, and

b.  An OPERABLE flow path capable of recirculating water from the suppression
chamber through an RHR heat exchanger.

APPLICABILITY: OPERATIONAL CONDITIONS 1, 2, and 3.

With one suppression pool cooling loop\inoperable, restore the inoperable
loop to OPERABLE status within 72 hourd\or be in at least HOT SHUTDOWN
within the next 12 hours and in COLD SHUTDOWN within the following 24

hours.

b. With both suppression pool cooling loops inoperable, be in at least HOT
SHUTDOWN within 12 hours and in COLD SHUTDOWN* within the next 24 hours,

SURVETLIANCE REQUIREMENTS

4.6.2.3 The suppression pool cooling mode of the RHR system shall be demonstrated
OPERABLE:

In accordance with the Surveillance Frequency Control Program by
verifying that each valve (manual, power-operated, or automatic) in the
flow path that is not locked, sealed, or otherwise secured in position,

is in its correct position.

a.

b. By verifying that each of the required RHR pumps develops a flow of at
feast 10,000 gpm on recircuiation flow through the flow path including
the RHR heat exchanger and its associated closed bypass valve, the
suppression pool and the full flow test line when tested pursuant to

Specification 4.0.5,

* Whenever both RHR subsystems are inoperable, if unable to attain COLD SHUTDOWN
as required by this ACTION, maintain reactor coolant femperature as low as
practical by use of alternate heat removal methods.

LIMERICK - UNIT 1 3/4 6-16 Amendment No. 54, 58, 86, 131, 186



INSERT [B] (SPC 3.6.2.3.4)

** The 72-hour Allowed Outage Time for one inoperable suppression pool cooling loop may be
extended once per calendar year for one unit only for a period of up to 7 days to allow for
repairs of one RHRSW subsystem piping with the opposite unit shutdown, reactor vessel
head removed and reactor cavity flooded, and the compensatory measures identified in NRC
Safety Evaluation dated XXXXX X, XXXX established and in effect.



EE

7
JDUAL HEAT REMOVAL SERVICE WATER SYSTEM - COMMON SYSTEM
[ON_FOR_OPERATION
.g.1.1 At least the following independent residual heat removal service water
RHRSW) system subsystems, with each subsystem comprised of:

a. Two OPERABLE RHRSW pumps, and

b, An OPERABLE flow path capable of taking suction from the RHR service
water pumps wet pits which are supplied from the spray pond or the
cooling tower basin and transferring the water through one Unit 1

RHR heat exchanger,

shall be OPERABLE: .
In OPERABLE CONDITIONS 1, 2, and 3, two subsystems.

b. In OPERABLE CONDITIONS 4 and 5, the subsystem({s) associated with
systems and components required OPERABLE by Specification 3.4.9.2,

3.9.11.1, and 3.9.11.2.
APPLICABILITY: OPERATIONAL CONDITIONS 1, 2, 3, 4, and 5.

ACTION:
a. In OPERATIONAL CONDITION 1, 2, or 3:

1. With one RHRSW pump inoperable, restore the inoperable pump to
OPERABLE status within 30 days, or be in at least HOT SHUTDOWN
within the next 12 hours and in COLD SHUTDOWN within the following

24 hours.

2. With one RHRSW pump in each subsystem inoperable, restore at
least one of the inoperable RHRSW pumps to OPERABLE status
within 7 days or be in at least HOT SHUTDOWN within the next

12 hours and in COLD SHUTDOWN within the following 24 hours.

3. With one RHRSW subsystem otherwise inoperable, restore the
inoperable subsystem to OPERABLE status with at least one
OPERABLE RHRSW pump within 72 hourg/ or be in at least HOT
SHUTDOWN within the next 12 hours/and in COLD SHUTDOWN within !

the following 24 hours. m
4. With both RHRSW subsystems otherwise inoperable, restore at

Teast one subsystem to OPERABLE status within 8 hours or be in
at least HOT SHUTDOWN within the next 12 hours and in COLD

SHUTDOWN* within the following 24 hours.
*Yhenever both RHRSW subsystems are inoperable, if unable to attain COLD

SHUTDOWN as required by the ACTION, maintain reactor coolant temperature as
low as practical by use of alternate heat removal methods.

3/4 7-1 Amendment No. 58, 86, 131

LIMERICK - UNIT 1
NOV 1 6 1998
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INSERT [C] (RHRSW 3.7.1.1.a.3)

** The 72-hour Allowed Outage Time for one inoperable RHRSW subsystem may be extended
once per calendar year for one unit only for a period of up to 7 days to allow for repairs of
one RHRSW subsystem piping with the opposite unit shutdown, reactor vessel head
removed and reactor cavity flooded, and the compensatory measures identified in NRC
Safety Evaluation dated XXXXX X, XXXX established and in effect.



PLANT SYSTEMS
EMERGENCY SERVICE WATER SYSTEM - COMMON SYSTEM

MIT 0 FO TION

4

3.7.1.2 At least the following independent emergency service water system loops,
with each loop comprised of:

a. Two OPERABLE emergency service water pumps, and
b. An OPERABLE flow path capable of taking suction from the emergency
service water pumps wet pits which are supplied from the spray pond or

the cooling tower basin and transferring the water to the associated
Unit 1 and common safety-related equipment,

shall be OPERABLE:
a. In OPERATIONAL CONDITIONS 1, 2, and 3, two loops.
b. In OPERATIONAL CONDITIONS 4, 5, and *, one loop.
OPERATIONAL CONDITIONS 1, 2, 3, 4, 5, and *.

|

a. In OPERATION CONDITION 1, 2, or 3:

1. With one emergency service water pump inoperable, restore the
inoperable pump to OPERABLE status within 45 days or be in at
Teast HOT SHUTDOWN within the next 12 hours and in COLD SHUTDOWN

within the following 24 hours.

2. With one emergency service water pump in each loop inoperable,
restore at least one inoperable pump to OPERABLE status within
30 days or be in at least HOT SHUTDOWN within the next 12 hours
and in COLD SHUTDOWN within the following 24 hours.

3. With one emergency service water system loop otherwise
inoperable, declare all equipment aligned to the inoperable
loop inoperable**, restore the inoperable loop to OPERABLE
status with at Teast one OPERABLE pump within 72 hoursfor be in
at least HOT SHUTDOWN within the next 12 hours and injCOLD

SHUTDOWN within the following 24 hours.

*When handling irradiated fuel in the secondary containment.

**The diese]l generators may be aligned to the OPERABLE emergency service water
system loop provided confirmatory flow testing has been performed. Those
diesel generators no aligned to the OPERABLE emergency service water system
loop shall be declared inoperable and the actions of 3.8.1.1 taken.

(> Torsert Y

LIMERICK - UNIT 1 3/4 7-3 Amendment No. 27, 48, 86, 131
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INSERT [D] (ESW 3.7.1.2.a.3)

#

The 72-hour Allowed Outage Time for one inoperable emergency service water system loop
may be extended once per calendar year for one unit only for a period of up to 7 days to
allow for repairs of one RHRSW subsystem piping with the opposite unit shutdown, reactor
vessel head removed and reactor cavity flooded, and the compensatory measures identified
in NRC Safety Evaluation dated XXXXX X, XXXX established and in effect.



3/4.8.1 A.C, SOURCES
A,C, SQURCES - QPERATING
LIMITING CONDITION FOR OPERATION

3.8.1.1 As a minimum, the following A.C. electrical power sources shall be

OPERABLE:
a.

b.

Two physically independent circuits between the offsite transmission
network and the onsite Class 1E distribution system, and
Four separate and independent diesel generators, each with:

1. A separate day tank containing a minimum of 200 gallons of fuel,

2. A separate fuel storage system containing a minimum of 33,500
gallons of fuel, and

3. A separate fuel transfer pump.

APPLICABILITY: OPERATIONAL CONDITIONS 1, 2, and 3.

With one diesel generator of the above required A.C. electrical power
sources inoperable, demonstrate the QPERABILITY of the remaining A.C.
sources by performing Surveillance Requirement 4.8.1.1.1.a within

24 hours and at least once per 7 days thereafter. I[f the diesel
generator became inoperable due to any cause cther than an inoperable
support system, an independently testable component, or preplanned
preventive maintenance or testing, demonstrate the OPERABILITY of the
remaining operable diesel generators by performing Surveillance
Requirement 4.8.1.1.2.a.4 for one diesel generator at a time, within
24 hours, unless the absence of any potential common-mode failure for
the remaining diesel generators is determined. Restore the
inoperable diesel generator to OPERABLE status within 30 days or be
in at least HOT SHUTDOWN within the next 12 hours and in COLD
SHUTDOWN within the following 24 hours. See also ACTION e,

With two diesel generators of the above required A.C. electrical power
sources inoperable, demonstrate the OPERABILITY of the remaining A.C.
sources by performing Surveillance Requirement 4.8.1.1.1.a within

1 hour and at least once per 8 hours thereafter, [f either of the
diesel generators became inoperable due to any cause other than an
inoperable support system, an independently testable component, or
preplanned preventive maintenance or testing, demonstrate the
OPERABILITY of the remaining diesel generators by performing
Surveillance Requirement 4.8.1.1.2.a.4 for one diesel generator at a
time, within 8 hours, unless the absence of any potential common-mode
failure for the remaining diesel generators is determined. Restore at
teast one of the inoperable diesel generators to OPERABLE status within
72 hourgdor be in at least HOT SHUTDOWN within the next 12 hours and in
COLDSHUTDOWN within the following 24 hours. See also ACTION e.
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INSERT [E] (EDGs 3.8.1.1.b)

*

The 72-hour Allowed Outage Time for two inoperable diesel generators may be extended
once per calendar year for one unit only for a period of up to 7 days to allow for repairs of
one RHRSW subsystem piping with the opposite unit shutdown, reactor vessel head
removed and reactor cavity flooded, and the compensatory measures identified in NRC
Safety Evaluation dated XXXXX X, XXXX established and in effect.



ELECTRICAL POVER SYSTENS
LINITING CONDITION FOR OPERATION (Continved)

ACTION: (Continued)

In addition to the ACTIONS above:

1. For two train systams, with one or mors diesel mnun of

mmmm&é. slectrical powar scurcss incpersble,
fyﬁmuzmwurmmmnmmmr

that at least one of the requirsd two train systas subsystem,

train, components, and devicas is OPERABLE and 1ts associated

gfml g:u‘r:ur‘um g?dn. rrun:imfﬂn

noparable diese! generator or ¢ system subtystes

or ba In at least HOT

to an OPERABLE status within 72
SHUTDOWN within the next 12 hours ia COLD SHUTDOWN within

the following 24 hours.

2. For the LI mﬂwmnmﬁm!
mmm&.c. ﬂuctﬂalmrmimh. nﬂfy
within 2 hours and at Teast once per iZ hours thereafter that at

subsystems, trains,

Jeast two of the regquired LPCI systes
components aaﬂmmmmmmuwuuﬁmi
mmrhm Otharwise, be 1n at least HOT SHUTDOWN
nmammumminmmﬂm.m
following 24 hours.
This ACTION doas not apply for those systams covered in Specifications
3.2.1.1. and 3.7.1.2.

..

Amandment Ne. 32, 40
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INSERT [F1 (EDGs 3.8.1.1.e.1)

*  The 72-hour Allowed Outage Time may be extended once per calendar year for one unit
only for a period of up to 7 days to allow for repairs of one RHRSW subsystem piping with
the opposite unit shutdown, reactor vessel head removed and reactor cavity flooded, and the
compensatory measures identified in NRC Safety Evaluation dated XXXXX X, XXXX
established and in effect.



3/4 G CORE C N T
3/4.5.1 ECCS - OPERATING

LIMITING CONDITION FOR OPERATION
3.5.1 The emergency core cooling systems shall be OPERABLE with:

The core spray system (CSS) consisting of two subsystems with each
subsystem comprised of:

1. Two OPERABLE CSS pumps, and

2. An OPERABLE flow patch capable of taking suction from the
suppression chamber and transferring the water through the spray

sparger to the reactor vessel.

b. The Tow pressure coolant injection (LPCI) system of the residual
heat removal system consisting of four subsystems with each

subsystem comprised of:
1. One OPERABLE LPCI pump, and

2. An OPERABLE flow path capable of taking suction from the
suppression chamber and transferring the water to the reactor

vessel.
c. The high pressure coolant injection (HPCI) system consisting of:

1. One OPERABLE HPCI pump, and

2. An OPERABLE flow path capable of taking suction from the
suppression chamber and transferring the water to the reactor

vessel.

a.

d. The automatic depressurization system (ADS) with at least five
OPERABLE ADS valves.
AP A :  OPERATIONAL CONDITION 1, 2% ** # and 3% = # l
*The HPCI system is not required to be OPERABLE when reactor steam dome

pressure is less than or equal to 200 psig.

**The ADS is not required to be OPERABLE when the reactor steam dome pressure is
less that or equal to 100 psig.

#See Special Test Exception 3.10.6.

##Two LPC] subsystems of the RHR system may be inoperable in that they are aligned
in the shutdown cooling mode when reactor vessel pressure is less than the

RHR Shutdown cooling permissive setpoint.

E’,:Zjiﬁcv'?ézz¥'
Amendment No. 78, 92
16
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INSERT [A] (ECCS 3.5.1 APPLICABILITY)

#* Once per calendar year for one unit only, during the extended Allowed Outage Time period
of up to 7 days to allow for repairs of one RHRSW subsystem piping, in addition to two
inoperable LPCI subsystems and one inoperable CSS subsystem, one of the two remaining
LPCI subsystems may be inoperable in that it is aligned in the shutdown cooling mode
when reactor vessel pressure is less than the RHR Shutdown Cooling permissive setpoint.



CONTAINMENT SYSTEMS
SUPPRESSION POOL COOLING
LIMITING CONDITION FOR QPERATION

3.6.2.3 The suppression pool cooling mode of the residual heat removal (RHR)
system shall be OPERABLE with two independent loops, each loop consisting of:

a. One OPERABLE RHR pump, and

b. An OPERABLE flow path capable of recirculating water from the suppression
chamber through an RHR heat exchanger,

APPLICABILITY: OPERATIONAL CONDITIONS 1, 2, and 3.
ACTION:

With one suppression pool cooling loop|inoperable, restore the inoperable
lToop to OPERABLE status within 72 hoursjor be in at least HOT SHUTDOWN
within the next 12 hours and in COLD SHUTDOWN within the following 24

hours,
b. With both suppression pool cooling loops inoperable, be in at least HOT
SHUTDOWN within 12 hours and in COLD SHUTDOWN* within the next 24 hours.
SURVETLLANCE REQUIREMENTS

4.6.2.3 The suppression pool cooling mode of the RHR system shall be demonstrated
OPERABLE:

In accordance with the Surveillance Frequency Control Program by
verifying that each valve (manual, power-operated, or automatic) in the
flow path that is not locked, sealed, or otherwise secured in position,

is in its correct position.

a.

b, By verifying that each of the required RHR pumps develops a flow of at
least 10,000 gpm on recirculation flow through the flow path including
the RHR heat exchanger and its associated closed bypass valve, the
suppression pool and the full flow test line when tested pursuant to

Specification 4.0.5.

*Whenever both RHR subsystems are inoperable, if unable to attain COLD SHUTDOWN
as required by this ACTION, maintain reactor coolant temperature as low as
practical by use of alternate heat removal methods.

LIMERICK - UNIT 2 3/4 6-16 Amendment No. 38, 70, 92,147



INSERT [B] (SPC 3.6.2.3.a)

** The 72-hour Allowed Outage Time for one inoperable suppression pool cooling loop may be
extended once per calendar year for one unit only for a period of up to 7 days to allow for
repairs of one RHRSW subsystem piping with the opposite unit shutdown, reactor vessal
head removed and reactor cavity flooded, and the compensatory measures identified in NRC
Safety Evaluation dated XXXXX X, XXXX established and in effect.



T CONDIT
3.7.1.1 At lTeast the following indegendent residual heat removal service water

(RHRSW) system subsystems, with each su

a.
b.

shall be OPERABLE:

a.

b.
APPLICABILITY:
ACTJON:

a.

AVILE RATER SYSTEM - COMMON SYSTEM

FOR_OPERAT

system comprised of:

Two OPERABLE RHRSW pumps, and

An OPERABLE flow path capable of taki:g suction from the RHR service
water pumps wet pits which are suppli

from the spray pond or the

cooling tower basin and transferring the water through one Unit 2
RHR heat exchanger, '

In OPERATIONAL CONDITIONS 1, 2, and 3, two subsystems.

In OPERATIONAL CONDITIONS 4 and 5, the subsystem(s) associated with
systems and components required OPERABLE by Specification 3.4.9.2,

3.9.11.1, and 3.9.11.2.

OPERATIONAL CONDITIONS 1, 2, 3, 4, and 5.

In OPERATIONAL CONDITION 1, 2, or 3:

1.

With one RHRSW pump inoperable, restore the inoperable pump to
OPERABLE status within 30 days, or be in at least HOT SKUTDOHN
within the next 12 hours and in COLD SHUTDOWN within the

following 24 hours.

With one RHRSW pump in each subsystem inoperable, restore at
least one of the inoperable RHRSW pumps to OPERABLE status
within 7 days or be in at least HOT SHUTDOWN within the next

12 hours and in COLD SHUTDOWN within the following 24 hours.

With one RHRSW subsystem otherwise inoperable, restore the
inoperable subsystem to OPERABLE status with at least one
OPERABLE RHRSW pump within 72 hourgfor be in at least HOT
SHUTDOWN within the next 12 hours¢and in COLD SHUTDOWN within

the following 24 hours.

With both RHRSW subsystems otherwise inoperable, restore at
least one subsystem to OPERABLE status within 8 hours or be in
at Teast HOT SHUTDOWN within the next 12 hours and in COLD
SHUTDOWN* within the following 24 hours.

*Whenever Doth RHRSW subsystems are inoperable, if unable to attain COLD SHUTDOWN
~ as required by this ACTION, maintain reactor coolant temperature as low as
practical by use of alternate heat removal methods.

E 7 ;:Z:}¢L$c=/‘}}L (i ?
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INSERT [C] (RHRSW 3.7.1.1.a.3)

** The 72-hour Allowed Outage Time for one inoperable RHRSW subsystem may be extended
once per calendar year for one unit only for a period of up to 7 days to allow for repairs of
one RHRSW subsystem piping with the opposite unit shutdown, reactor vessel head
removed and reactor cavity flooded, and the compensatory measures identified in NRC
Safety Evaluation dated XXXXX X, XXXX established and in effect.



o

PLANT SYSTEMS

EMERGENCY SERVICE WATER SYSTEM - COMMON SYSTEM

LINITING CONDITION FOR OPERATION

3.7.1.2 At least the following independent emergency service water system loops,
with each loop comprised of:

a. Two OPERABLE emergency service water pumps, and

b. An OPERABLE flow path capable of taking suction from the emergency
service water pumps wet pits which are supplied from the spray pond or
the cooling tower basin and transferring the water to the associated Unit

2 and comnon safety-related equipment,

shall be OPERABLE:
a. In OPERATIONAL CONDITIONS 1, 2, and 3, two Toops.

b. In OPERATIONAL CONDITIONS 4, 5, and *, one loop.
APPLICABILITY: OPERATIONAL CONDITIONS 1, 2, 3, 4, 5, and *.

ACTION:
a. In OPERATION CONDITION 1, 2, or 3:

1. With one emergency service water pump inoperable, restore the inaperable
pump to OPERABLE status within 45 days or be in at least HOT SHUT within
the next 12 hours and in COLD SHUTDOWN within the following 24 hours.

2. With one emergency service water pump in each loop inoperable, restore at
Jeast one inoperable pump to OPERABLE status within 30 days or be in at
least HOT SHUTDOWN within the next 12 hours and in COLD SHUTDOWN within the

following 24 hours. 1

3. With one emergency service water system loop otherwise inoperable, declare '

all equi?ment aligned to the inoperable Ioo? ingperable**, restore the
east one OPERABLE pump within 72

inoperable loop to OPERABLE status with at
<::::;"‘565§§lor be in at least HOT SHUTDOWN within the next 12 hours and in COLD

SHUTDOWN within the following 24 hours.

*When handling irradiated fuel in the secondary containment.

**The diesel generators may be aligned to the OPERABLE eﬁgzgenc¥ service water system
loop provided confirmatory flow testing has been perfo . Those diesel generators
not aligned to the OPERABLE emerge?C{ service water system loop shall be declared

inoperable and the actions of 3 taken.

v

NOV 1 6 1958

Amendment No. 48, 79, 82
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INSERT [D] (ESW 3.7.1.2.a.3)

#

The 72-hour Allowed Outage Time for one inoperable emergency service water system loop
may be extended once per calendar year for one unit only for a period of up to 7 days to
allow for repairs of one RHRSW subsystem piping with the opposite unit shutdown, reactor
vessel head removed and reactor cavity flooded, and the compensatory measures identified
in NRC Safety Evaluation dated XXXXX X, XXXX established and in effect.



3.8.1.1 As a minimum, the following A.C. electrical power sources shall be

OPERABLE:
Two physically independent circuits between the offsite transmission

a,
network and the onsite Class 1E distribution system, and
b. Four separate and independent diesel generators, each with:
1. A separate day tank containing a minimum of 200 gallons of fuel,
2. A separate fuel storage system containing a minimum of 33,500
gallons of fuel, and
3. A separate fuel transfer pump.

APPLICABILITY: OPERATIONAL CONDITIONS 1, 2, and 3.

ACTION:

a. With one diesel generator of the above required A.C. electrical power
‘sources inoperable, demonstrate the OPERABILITY of the remaining A.C.
sources by performing Surveillance Requirement 4.8.1.1.1.a within
24 hours and at least once per 7 days thereafter. If the diesel
generator became inoperable due to any cause other than an inoperable
support system, an independently testable component, or preplanned
preventive maintenance or testing, demonstrate the OPERABILITY of the
remaining operable diesel generators by perfarming Surveillance :
Requirement 4.8.1.1.2.a.4 for one diesel generator at a time, within
24 hours, unless the absence of any potential common-mode failure for
the remaining diesel generators is determined. Restore the inoperable
diesel generator to OPERABLE status within 30 days or be in at least
HOT SHUTDOWN within the next 12 hours and in COLD SHUTDOWN within the

following 24 hours. See also ACTION e.

b. With two diesel generators of the above required A.C. electrical power
sources inoperable, demonstrate the OPERABILITY of the remaining A.C.
sources by performing Surveillance Requirement 4.8.1.1.1.a within
1 hour and at least once per 8 hours thereafter. If either of the
diesel generators became inoperable due to any cause other than an
inoperable support system, an independentiy testable component, or
preplanned preventive maintenance or testing, demonstrate the
OPERABILITY of the remaining diesel generators by performing
Surveillance Requirement 4.8.1.1.2.a.4 for one diesel generator at a
time, within 8 hours, unless the absence of any potential common-mode
failure for the remaining diesel generators is determined. Restore at
Teast one of the inoperable diesel generators to OPERABLE status within
72 hoursfor be in at least HOT SHUTDOWN within the next 12 hours and in
COLD{SHUTDOWN within the following 24 hours. See also ACTION e.

3/4 8-1 Amendment No. 150
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INSERT [E] (EDGs 3.8.1.1.b)

*

The 72-hour Allowed Outage Time for two inoperable diesel generators may be extended
once per calendar year for one unit only for a period of up to 7 days to allow for repairs of
one RHRSW subsystem piping with the opposite unit shutdown, reactor vessel head
removed and reactor cavity flooded, and the compensatory measures identified in NRC
Safety Evaluation dated XXXXX X, XXXX established and in effect.



" ELECTRICAL POWER SYSTEMS

LIMITING CONDITION FOR OPERATION (Continued) .

10N: (Continued)

P

e. In addition to the ACTIONS above:

1. For two train systems, with one or more diesel generators of
the above required A.C. electrical power sources inoperable,
verify within 2 hours and at least once per 12 hours thereafter
that at least one of the required two train system subsystem,
train, components, and devices is OPERABLE and its associated
diese] generator is OPERABLE. Otherwise, restore either the
inoperable diesel generator or the ingperable system subsystem
to an OPERABLE status within 72 hours{or be in at least HOT
SHUTDOWN within the next 12 hours and|in COLD SHUTDOWN within

the following 24 hours.

2. For the LPCI systems, with two or more diesel generators of the
above required A.C. electrical power sources inoperable, verify
within 2 hours and at least once per 12 hours thereafter that
at least two of the required LPCl system subsystems, trains,
components and devices are OPERABLE and its associated diesel
generator is OPERABLE. Otherwise, be in at least HOT SHUTDOWN
within the next 12 hours and in COLD SHUTDOWN within the following

24 hours. ‘

This ACTION does not apply for those systems covered in
Specifications 3.7.1.1 and 3.7.1.2.

CZrer 27
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INSERT [F] (EDGs 3.8.1.1.e.1)

*  The 72-hour Allowed Outage Time may be extended once per calendar year for one unit
only for a period of up to 7 days to allow for repairs of one RHRSW subsystem piping with
the opposite unit shutdown, reactor vessel head removed and reactor cavity flooded, and the
compensatory measures identified in NRC Safety Evaluation dated XXXXX X, XXXX
established and in effect.
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Limerick RHRSW/SPC AOT Extension

1.0 INTRODUCTION

1.1  PURPOSE

The purpose of this analysis is to assess the acceptability, from a risk perspective, of a
change to extend the Limerick Generating Station (LGS) allowed outage time (AOT) for
the Unit 1 and Unit 2 Suppression Pool Cooling (SPC) mode of the Residual Heat
Removal (RHR) system and the Residual Heat Removal Service Water (RHRSW)
system from 72 hours to seven (7) days in order to allow for repairs of the RHRSW
system piping. Specifically, a footnote will be added to the affected LCOs to indicate
that the 72 hour AOT for the affected system may be extended for a period of up to 7
days to allow for repairs of the RHRSW system piping. These proposed changes are
requested to be effective only during opposite unit outages, and as such would be
entered no more than once per year. Other LCOs may be administratively entered as
part of the overall LAR submittal, but these systems would still be considered available
and as such would not factor into the results of the risk assessment.

The analysis follows the guidance provided in Regulatory Guide 1.200 [Ref. 1], “An
Approach for Determining the Technical Adequacy of Probabilistic Risk Assessment
Results for Risk-Informed Activities.”

1.2 BACKGROUND

1.2.1 Technical Specification Changes

Since the mid-1980s, the NRC has been reviewing and granting improvements to TS
that are based, at least in part, on probabilistic risk assessment (PRA) insights. In its
final policy statement on TS improvements of July 22, 1993, the NRC stated that
it...

. . . expects that licensees, in preparing their Technical Specification related
submittals, will utilize any plant-specific PSA or risk survey and any available
literature on risk insights and PSAs. . . Similarly, the NRC staff will also
employ risk insights and PSAs in evaluating Technical Specifications related
submittals. Further, as a part of the Commission’s ongoing program of
improving Technical Specifications, it will continue to consider methods to
make better use of risk and reliability information for defining future generic
Technical Specification requirements.

The NRC reiterated this point when it issued the revision to 10 CFR 50.36, “Technical
Specifications,” in July 1995. In August 1995, the NRC adopted a final policy statement
on the use of PRA methods in nuclear regulatory activities that encouraged greater use
of PRA to improve safety decision-making and regulatory efficiency. The PRA policy
statement included the following points:

4 P467090055-3424



Limerick RHRSW/SPC AOT Extension

1. The use of PRA technology should be increased in all regulatory matters to
the extent supported by the state of the art in PRA methods and data and in
a manner that complements the NRC’s deterministic approach and supports
the NRC'’s traditional defense-in-depth philosophy.

2. PRA and associated analyses (e.g., sensitivity studies, uncertainty analyses,
and importance measures) should be used in regulatory matters, where
practical within the bounds of the state of the art, to reduce unnecessary
conservatism associated with current regulatory requirements.

3. PRA evaluations in support of regulatory decisions should be as realistic as
practicable and appropriate supporting data should be publicly available for
review.

4. The Commission's safety goals and subsidiary numerical objectives are to
be used with consideration of uncertainties in making regulatory
judgments...

The movement of the NRC to more risk-informed regulation has led to the NRC
identifying Regulatory Guides and associated processes by which licensees can submit
changes to the plant design basis including Technical Specifications. Regulatory
Guides 1.174 [Ref. 2] and 1.177 [Ref. 3] both provide processes to incorporate PRA
input for decision makers regarding a Technical Specification modification.

1.3 REGULATORY GUIDES

Three Regulatory Guides provide primary inputs to the evaluation of a Technical
Specification change. Their relevance is discussed in this section.

1.3.1 Requlatory Guide 1.200, Revision 1

Regulatory Guide 1.200, Revision 1 describes an acceptable approach for determining
whether the quality of the PRA, in total or the parts that are used to support an
application, is sufficient to provide confidence in the results, such that the PRA can be
used in regulatory decision-making for light-water reactors. This guidance is intended to
be consistent with the NRC’s PRA Policy Statement and more detailed guidance in
Regulatory Guide 1.174.

It is noted that RG 1.200, Revision 1 endorses Addendum B of the ASME PRA
Standard [Ref. 4] applicable to full power internal event (FPIE) PRA models. Since that
time, the new ASME/ANS Combined PRA Standard [Ref. 5] has been released.
Although the Combined Standard is presently issued and endorsed by RG 1.200
Revision 2 [Ref. 6], neither of these document revisions materially impact the FPIE
events portion of the analysis.

5 P467090055-3424



Limerick RHRSW/SPC AOT Extension

1.3.2 Requlatory Guide 1.174, Revision 1

Regulatory Guide 1.174 specifies an approach and acceptance guidelines for use of
PRA in risk informed activities. RG 1.174 outlines PRA related acceptance guidelines
for use of PRA metrics of Core Damage Frequency (CDF) and Large Early Release
Frequency (LERF) for the evaluation of permanent TS changes. The guidelines given
in RG 1.174 for determining what constitutes an acceptable permanent change specify
that the ACDF and the ALERF associated with the change should be less than specified
values, which are dependent on the baseline CDF and LERF, respectively.

RG 1.174 also specifies guidelines for consideration of external events. External events
can be evaluated in either a qualitative or quantitative manner.

1.3.3 Requlatory Guide 1.177

Regulatory Guide 1.177 specifies an approach and acceptance guidelines for the
evaluation of plant licensing basis changes. RG 1.177 identifies a three-tiered approach
for the evaluation of the risk associated with a proposed TS change as identified below:

e Tier 1 is an evaluation of the plant-specific risk associated with the
proposed TS change, as shown by the change in core damage frequency
(CDF) and incremental conditional core damage probability (ICCDP).
Where applicable, containment performance should be evaluated on the
basis of an analysis of large early release frequency (LERF) and
incremental conditional large early release frequency (ICLERP). The
acceptance guidelines given in RG 1.177 for determining an acceptable
permanent TS change is that the ICCDP and the ICLERP associated with
the change should be less than 5E-07 and 5E-08, respectively.

e Tier 2 identifies and evaluates, with respect to defense-in-depth, any
potential risk-significant plant equipment outage configurations associated
with the proposed change. The licensee should provide reasonable
assurance that risk-significant plant equipment outage configurations will
not occur when equipment associated with the proposed TS change is
out-of-service.

e Tier 3 provides for the establishment of an overall configuration risk
management program (CRMP) and confirmation that its insights are
incorporated into the decision-making process before taking equipment
out-of-service prior to or during the AOT. Compared with Tier 2, Tier 3
provides additional coverage based on any additional risk significant
configurations that may be encountered during maintenance scheduling
over extended periods of plant operation. Tier 3 guidance can be satisfied
by the Maintenance Rule (10 CFR 50.65(a)(4)), which requires a licensee
to assess and manage the increase in risk that may result from activities
such as surveillance, testing, and corrective and preventive maintenance.
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This risk analysis supports the Tier 1 element of RG 1.177, specifically the comparison
of the results with the acceptance guidelines for ICCDP and ICLERP associated with
changing a Technical Specification Allowed Outage Time. Other portions of the LAR
submittal will address Tier 2 and Tier 3 elements.

1.34 Acceptance Guidelines

Risk significance in an LAR is determined by comparison of changes in Core Damage
Frequency (CDF) and Large Early Release Frequency (LERF) and values of
Incremental Conditional Core Damage Probability (ICCDP) and Incremental Conditional
Large Early Release Probability (ICLERP) produced by a permanent change to either
the plant design basis or Technical Specifications to the guidelines given in Regulatory
Guide 1.174 and Regulatory Guide 1.177. Reg. Guide 1.174 specifies the acceptable
changes in CDF and LERF for permanent changes. Reg. Guide 1.177 specifies the
acceptable ICCDP and ICLERP for permanent changes, usually associated with
changing an AOT.

The guidelines given in Reg. Guide 1.174 for determining an acceptable permanent
change are that the ACDF and the ALERF associated with the change should be less
than specified values which are dependent on the baseline CDF and LERF,
respectively. These acceptance values of ACDF and ALERF are given in Reg. Guide
1.174 Figures 3 and 4, respectively. Based on the baseline CDF and LERF for
Limerick, the RG 1.174 minimum acceptance guidelines are 1.0E-6/yr and 1.0E-7/yr for
ACDF and ALERF, respectively. The guidelines given in Reg. Guide 1.177 for
determining an acceptable Tech Spec change is that the ICCDP and the ICLERP
associated with the change should be < 5E-07 and < 5E-08, respectively.

For TS changes such as that requested in this amendment application, examination of
the risk metrics identified in RG 1.174 and RG 1.177 provides insight about the potential
risk impacts, even though neither of these RGs provides numerical risk acceptance
guidelines for evaluating limited applicability TS changes. However, it should be noted
that NUMARC 93-01, “Industry Guideline for Monitoring the Effectiveness of
Maintenance at Nuclear Power Plants,” [Ref. 8] addresses monitoring risk during
maintenance activities and provides quantitative guidelines that indicate that routine
activities should generally not involve an increase in incremental conditional core
damage probability (ICCDP) of greater than 1E-6 or an incremental conditional large
early release probability (ICLERP) of greater than 1E-7. This planned RHRSW Loop
outage configuration would not be considered routine maintenance. For limited
applicability AOT changes, the ICCDP and ICLERP acceptance guidelines of 1.0E-05
and 1.0E-06 are established for compatibility with the ICDP and ILERP limits of Section
11 in NUMARC 93-01, which is applicable for voluntary maintenance activities requiring
risk management actions (i.e. with effective compensatory measures implemented to
reduce the sources of increased risk). The NRC has endorsed the NUMARC 93-01
guidelines in Regulatory Guide 1.182 [Ref. 9].
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Based on the available quantitative guidelines for other risk-informed applications, it is
judged that the quantitative criteria shown in Table 1-1 represent a reasonable set of
acceptance guidelines. For the purposes of this evaluation, these guidelines
demonstrate that the risk impacts are acceptably low. This combined with effective
compensatory measures to maintain lower risk will ensure that the TS change meets
the intent of small risk increases consistent with the Commission's Safety Goal Policy

Statement.

Table 1-1

Proposed Risk Acceptance Guidelines

Risk Acceptance
Guideline

Basis

ICCDP < 1E-6, or

ICCDP < 1E-5 with effective
compensatory measures
implemented to reduce the
sources of increased risk

ICCDP is an appropriate metric for assessing risk impacts of
out of service equipment per RG 1.177 & NUMARC 93-01

1E-6 is consistent with NUMARC 93-01 guidance for routine
maintenance

1E-5 is consistent with NUMARC 93-01 guidance for
maintenance activities requiring risk management actions

The NRC has endorsed the NUMARC 93-01 guidelines in
Regulatory Guide 1.182

Greater than RG 1.177 guideline (5E-7) for permanent TS
changes, but that criterion is applied to changes which are
allowed to be entered repeatedly over the life of the plant,
whereas the proposed AOT is of limited applicability.

ICLERP < 1E-7, or

ICLERP < 1E-6 with effective
compensatory measures
implemented to reduce the
sources of increased risk

ICLERP is an appropriate metric for assessing risk impacts of
out of service equipment per RG 1.177 & NUMARC 93-01

1E-7 is consistent with NUMARC 93-01 guidance for routine
maintenance

1E-6 is consistent with NUMARC 93-01 guidance for
maintenance activities requiring risk management actions

The NRC has endorsed the NUMARC 93-01 guidelines in
Regulatory Guide 1.182

Greater than RG 1.177 guideline (5E-8) for permanent TS
changes, but that criterion is applied to changes which are
allowed to be entered repeatedly over the life of the plant,
whereas the proposed AOT is of limited applicability.

ACDF < 1.0E-6

In Region lll from Figure 3 of RG 1.177 for “very small’
changes in CDF risk.

Addresses intent to enter into AOT no more than once per
year.

ALERF < 1.0E-7

In Region Il from Figure 4 of RG 1.177 for “very small’
changes in LERF risk.

Addresses intent to enter into AOT no more than once per
year.
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1.4 SCOPE

This section addresses the requirements of RG 1.200, Revision 1 Section 3.2 which
directs the licensee to define the treatment of the scope of risk contributors (i.e., internal
initiating events, external initiating events, and modes of power operation at the time of
the initiator). Discussion of these risk contributors are as follows:

e Full Power Internal Events (FPIE) — The LGS PRA model used for this
analysis includes a full range of internal initiating events (including internal
flooding) for at-power configurations. The SPC system is credited in the
PRA for decay heat removal. Note that portions of the RHRSW
subsystem impacted by this LAR are also credited for alternate injection
which is also credited in the PRA model. The FPIE model is further
discussed in Section 1.5.

e Low Power Operation - The FPIE assessment is judged to adequately
capture risk contributors associated with low power plant operations. The
FPIE analysis assumes that the plant is at full power at the time of any
internal events transient, manual shutdown, or accident initiating event.
This analytic approach results in conservative accident progression
timings and systemic success criteria compared to what may otherwise be
applicable to an initiator occurring at low power. As such, low power risk
impacts are not discussed further in this risk assessment.

e Shutdown / Refueling — In consideration of shutdown and refueling modes
(i.e., Modes 3, 4, and 5), the shutdown risk is not part of this assessment
since the intent is for one unit to remain at-power for the duration of the
extended AOT while the other unit is shutdown. The risk assessment for
the AOT extension in this LAR is associated with the at-power unit while
accounting for the fact that the other unit is shutdown (refer to Section 3.1,
assumption d)

e Internal Fires - An interim fire PRA is available for LGS. The LGS interim
Fire PRA [Ref. 10] is used to provide both quantitative and qualitative
insights to the analysis of the RHRSW/SPC AOT extension (refer to
Section 3.3.1 and Appendix A.3).

e Seismic - Consistent with most sites, LGS does not currently maintain a
Seismic PRA. A bounding assessment is performed in this analysis (refer
to Section 3.3.2 and Appendix A.4) based on insights from the LGS FPIE
PRA model and site specific seismic hazard curves.

o Other External Events - Other external event risks were assessed in the
LGS IPEEE study [Ref. 11] and found to be insignificant risk contributors.
These conclusions are revisited for this RHRSW/SPC AOT extension
assessment (refer to Section 3.3.3 and Appendix A.2).
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1.5 LIMERICK PRA MODEL

This section addresses the requirements of Section 3.1 of RG 1.200, Revision 1 which
directs the licensee to identify the portions of the PRA used in the analysis.

The PRA analysis for the TS change uses the LG108A (Unit 1) and LG208A (Unit 2) full
power internal events Level 1 Core Damage Frequency (CDF) model and the
associated Level 2 Large Early Release Frequency (LERF) model to calculate the risk
metrics [Ref. 12].

This risk assessment is performed for both LGS Unit 1 and Unit 2. The models for both
units are maintained individually but are very similar. Table 1-2 shows the CDF and
LEREF risk metrics for both units.

Table 1-2
Limerick FPIE CDF and LERF Risk Metrics
Risk Metric LG108A - Unit 1 LG208A - Unit 2
CDF 3.20E-06 3.19E-06
LERF 5.01E-08 5.00E-08

The general configuration for the extended AOT is with one unit at-power and the other
unit in an outage. The extended AOT risk assessment is applicable for the at-power
unit. For the extended AOT, one loop of RHRSW (including 2 RHRSW pump trains and
the return path to the spray pond or cooling tower) will be unavailable. Additionally, the
extended AOT configuration will involve both ESW loops returning through the one
remaining RHRSW return header. That is, one set of ESW return valves (HV-11-
011A/B for return to the RHRSW A path or HV-11-015A/B for return to the RHRSW B
path) will be de-energized open while the opposite set is closed for performance of the
RHRSW piping repairs.

This analysis is specific to the ESW and RHRSW systems with all relevant
configurations represented in the PRA model. All functions supported by RHRSW and
ESW will be affected such that the large majority of the accident sequences will be
impacted and therefore a full model re-quantification will be performed for each
representative configuration. The PRA analysis involved identifying the system and
components or maintenance activities modeled in the PRA which are most appropriate
for use in representing the extended AOT configurations. These are shown in Table 1-3
for the RHRSW A Loop outage and in Table 1-4 for the RHRSW B Loop outage. This
includes setting those maintenance terms to false that will not be allowed to be out of
service for the extended AOT configuration.
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Table 1-3
RHRSW Loop A Extended AOT Configuration Representation
Basic Event Description Value
WMV11AHQIO HV-11-011A - ESW A return path to RHRSW A loop TRUE
WMV 11BHQIO HV-11-011B - ESW B return path to RHRSW A loop TRUE
WMV15AHQIO0 HV-11-015A - ESW A return path to RHRSW B loop FALSE
WMV 15BHQIO0 HV-11-015B - ESW B return path to RHRSW B loop FALSE
wMV110DPI™ HV-12-110 - U1 TECW ESW return to RHRSW fails to open TRUE
DTRHRATM™ Unit 1 RHR Loop A in Test and Maintenance TRUE
DTRHRBTM™" Unit 1 RHR Loop B in Test and Maintenance FALSE
DTRHRATM2® | Unit 2 RHR Loop A in Test and Maintenance TRUE
DTRHRBTM2® | Unit 2 RHR Loop B in Test and Maintenance FALSE
JTRPMATMO RHRSW Pump Leg A in Test and Maintenance TRUE
JTRPMBTMO RHRSW Pump Leg B in Test and Maintenance FALSE
JTRPMCTMO RHRSW Pump Leg C in Test and Maintenance TRUE
JTRPMDTMO RHRSW Pump Leg D in Test and Maintenance FALSE

™ This basic event change only impacts the Unit 1 model.

@ This basic event change only impacts the Unit 2 model.
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Table 1-4
RHRSW Loop B Extended AOT Configuration Representation
Basic Event Description Value
WMV 11AHQIO HV-11-011A - ESW A return path to RHRSW A loop FALSE
WMV 11BHQIO HV-11-011B - ESW B return path to RHRSW A loop FALSE
WMV 15AHQIO0 HV-11-015A - ESW A return path to RHRSW B loop TRUE
WMV 15BHQIO0 HV-11-015B - ESW B return path to RHRSW B loop TRUE
WMV210DPI2?® | HV-12-210 — U2 TECW ESW return to RHRSW fails to open TRUE
DTRHRATM™ Unit 1 RHR Loop A Maintenance FALSE
DTRHRBTM™" Unit 1 RHR Loop B Maintenance TRUE
DTRHRATM2® | Unit 2 RHR Loop A Maintenance FALSE
DTRHRBTM2® | Unit 2 RHR Loop B Maintenance TRUE
JTRPMATMO RHRSW Pump Leg A in Test and Maintenance FALSE
JTRPMBTMO RHRSW Pump Leg B in Test and Maintenance TRUE
JTRPMCTMO RHRSW Pump Leg C in Test and Maintenance FALSE
JTRPMDTMO RHRSW Pump Leg D in Test and Maintenance TRUE

™ This basic event change only impacts the Unit 1 model.

@ This basic event change only impacts the Unit 2 model.

No other aspect of the PRA model required adjustment for this risk application. The
entire PRA model is quantified for this assessment using the “average maintenance”
PRA model (i.e., no additional portions other than those identified in Tables 1-3 and 1-4
were excluded (or “zeroed out”) of the quantification other than those Technical
Specification violations that are normally excluded in the disallowed maintenance logic
in the base PRA model). In any event, after analyzing the risk results, other
maintenance terms may become candidates for limiting elective maintenance to help
reduce the overall risk associated with the extended AOT.
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2.0

ANALYSIS ROADMAP AND REPORT ORGANIZATION

The analysis and documentation utilizes the guidance provided in RG 1.200, Revision 1.
The guidance in RG 1.200, Revision 1 indicates that the following steps should be
followed to perform this study:

1.

Per Section 3.1 of RG 1.200, identify the parts of the PRA used to support the
application

e Describe the SSCs, operator actions, and operational characteristics
affected by the application and how these are implemented in the PRA
model.

e Provide a definition of the acceptance guidelines used for the application.

Per Section 3.2 of RG 1.200, identify the scope of risk contributors addressed by
the PRA model

e If not full scope (i.e. internal and external), identify appropriate
compensatory measures or provide bounding arguments to address the
risk contributors not addressed by the model.

Per Section 3.3 and 4.2 of RG 1.200, demonstrate the Technical Adequacy of the
PRA

e |dentify plant changes (design or operational practices) that have been
incorporated at the site, but are not yet in the PRA model and justify why
the change does not impact the PRA results used to support the
application.

e Document that the parts of the PRA used in the decision are consistent
with applicable standards endorsed by the Regulatory Guide (currently, in
RG-1.200, Revision 1 this is just the internal events PRA standard).
Provide justification to show that where specific requirements in the
standard are not met, it will not unduly impact the results.

e Document peer review findings and observations that are applicable to the
parts of the PRA required for the application, and for those that have not
yet been addressed justify why the significant contributors would not be
impacted.

¢ Identify key assumptions and approximations relevant to the results used
in the decision-making process.

Per Section 4.2 of RG 1.200, summarize the risk assessment methodology used
to assess the risk of the application
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e Include how the PRA model was modified to appropriately model the risk
impact of the change request.

Table 2-1 summarizes the RG 1.200 identified actions and the corresponding location of
that analysis or information in this report.

Table 2-1
RG 1.200 ANALYSIS ACTIONS ROADMAP
RG 1.200 Actions Report Section
1. Ildentify the parts of the PRA used to support the application Section 1.5 and
Section 3
1a. Describe the SSCs, operator actions, and operational characteristics Section 1.5
affected by the application and how these are implemented in the PRA
model.
1b. Provide a definition of the acceptance guidelines used for the Section 1.3.4
application.

2. ldentify the scope of risk contributors addressed by the PRA model. If Section 1.4
not full scope (i.e., internal and external events), identify appropriate
compensatory measures or provide bounding arguments to address the
risk contributors not addressed by the model.

3. Demonstrate the Technical Adequacy of the PRA. Section 4

3a. Identify plant changes (design or operational practices) that have Section 4.6.1,
been incorporated at the site, but are not yet in the PRA model and justify Table 4-1
why the change does not impact the PRA results used to support the

application.

3b. Document that the parts of the PRA used in the decision are Section 4.6.2,

consistent with applicable standards endorsed by the RG (currently, in RG Table 4-2
1.200 Rev. 1. RG 1.200 Rev. 1 addresses the internal events ASME PRA
standard). Provide justification to show that where specific requirements
in the standard are not met, it will not unduly impact the results.

3c. Document PRA peer review findings and observations that are Section 4.6.3,
applicable to the parts of the PRA required for the application, and for Table 4-3
those that have not yet been addressed justify why the significant
contributors would not be impacted.

3d. ldentify key assumptions and approximations relevant to the results Section 3.5 and
used in the decision-making process. Appendix B

4. Summarize the risk assessment methodology used to assess the risk Section 1.5 and
of the application. Include how the PRA model was modified to Section 3

appropriately model the risk impact of the change request.
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3.0 RISKANALYSIS

This section evaluates the plant-specific risk associated with the proposed TS change,
based on the risk metrics of CDF, ICCDP, LERF, and ICLERP.

3.1 ASSUMPTIONS

The following inputs and general assumptions are used in estimating the plant risk due
to the proposed RHRSW/SPC System AOT extension.

a.

The RHRSW/SPC System AOT is assumed to increase from its current
duration of 72 hours to a proposed duration of 7 days.

The base analysis in this risk assessment assumes one entry per year into
the proposed AOT. This is consistent with the current plans to enter the
extended AOT only during upcoming outages.

This risk assessment does not credit the averted risk due to a forced
shutdown that would be required due to exceeding the existing AOT.

With the opposite unit for the risk assessment in an outage, the
assumptions regarding the availability of the shared RHRSW pumps to
support the at-power unit are consistent with the base FPIE PRA model
assumptions. That is, one RHRSW pump is sufficient in all scenarios
except LOOP scenarios (which would impact both units at LGS). If a
LOOP occurs, then it is assumed that two RHRSW pumps are required to
adequately remove decay heat in the at-power PRA model assessment
(since one is in use in the outage unit). If only one RHRSW pump were
available (given a random failure of the remaining protected train during
the extended AOT) and offsite power is available, then that pump would
preferentially be used in suppression pool cooling or shutdown cooling
mode as required to support the at-power unit that scrams or is forced to
shut down. Decay heat from the outage reactor with the benefit provided
by additional water inventory with the cavity flooded and the fuel pool
gates open, would be controlled via use of the RWCU system (vessel) and
fuel pool cooling system (fuel pool). If a LOOP does occur, however a full
complement of service water cooling capabilities for FPC will not be
available and RWCU cooling capabilities will only be available from ESW.
Hence, it is assumed (somewhat conservatively) that two RHRSW pumps
are required for success in the at-power unit for all LOOP scenarios.
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3.2 INTERNAL EVENTS

The proposed technical specification change involves simultaneous unavailability of
several ESW and RHRSW components. The revised CDF and LERF values for the
AOT configurations are obtained by re-quantifying the base PRA model with all of the
identified events set to TRUE or FALSE As shown in Table 1-3 and 1-4 compared to
their base-case probability values.

The evaluation of ACDF and ICCDP (or ALERF and ICLERP) for the AOT change for a
plant that has a fuel cycle length of TcycLe is determined as shown below.

The new annual average CDF due to the change in the AOT, CDFyew, is given by the
following equation [Ref. 13]:

T T
CDF,,, :[T 4 JCDFA+(T 8 jCDFB

CYCLE CYCLE

T,+T
+ [1 - uj CDF [Eq .3 -1]

CYCLE
where:

CDFgase = baseline annual average CDF with current average unavailability
of all systems and components.

CDFa = CDF evaluated from the PRA model with the A Loop equipment out of
service and any compensatory measures for the A Loop implemented.

CDFg = CDF evaluated for the PRA model with the B Loop equipment and
any compensatory measures for the B Loop implemented.

Ta = Total additional time per refueling cycle (Tcycie) that A Loop is out-of
service for the extended AOT (the maintenance activity is required to occur
once per loop per cycle and is assumed to require the maximum AOT of 7
days for the LAR).

Tg = Total additional time per refueling cycle (TcycLe) that B Loop is out of
service for the extended AOT (the maintenance activity is required to occur
once per loop per cycle and is assumed to require the maximum AOT of 7
days for the LAR).

Tevee = refueling cycle length which may be greater than one year (~700
days for the representative plant).
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Note: Equation 3-1 produces the weighted average of the CDFs for the
conditions, with the weight being the fraction of a period of time over which
each condition exists. The ACDF to be compared to the Reg. Guide 1.174
guidelines is given by

ACDF = CDFNEW - CDFBASE [Eq 3-2]

Use of this equation assumes that by far the biggest impact of extending the
AOT results from the shifting of the maintenance from shutdown to
operations. The impact on the unavailability resulting from non-scheduled
maintenance is minor, because of the low probability of maintenance, and the
fact that maintenance times are typically much smaller than the AOT.

Therefore, ACDF in this application is approximated by the difference
between the annual average CDF with the AOT extended and the CDF with

the current AOT Tech Spec. The ACDF has dimensions of “per year.”

The ICCDP associated with each RHR/RHRSW Loop equipment being OOS
using the new AOT is given by

ICCDPgrHrsw x = (CDFrursw x - CDFgase) X AOTnew [Eq. 3-3]
where

CDFgrursw x = the annual average CDF calculated with the X (A or B) Loop
equipment OOS, respectively.

CDFgase = baseline annual average CDF with average unavailability for all
equipment. This is the CDF result of the baseline PRA.

AOTnew = the new extended AOT (in units of years, e.g. 7 days * 1 year / 365
days = 1.92E-2 years)

Note: ICCDP is a dimensionless probability.

Risk significance relative to ALERF and ICLERP is determined using equations of the
same form as noted above for ACDF and ICCDP. As previously stated, the
corresponding risk significance guidelines are ALERF vs. base LERF as given in Reg.
Guide 1.174 Figure 4 and ICLERP < 1E-07 as shown in Table 1-1 above.

The relevant inputs to Equations 3-1 through 3-3 (and the equivalent for LERF) are
shown in Table 3.2-1 below. The corresponding output parameters from the equations
above are then provided in Table 3.2-2. The analysis is performed for CDF and LERF
from the internal events and internal floods PRA model.
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Table 3.2-1
FPIE RISK ASSESSMENT INPUT PARAMETERS
Input Parameter Unit 1 Value Unit 2 Value

CDFgase 3.20E-06/yr 3.19E-06/yr
CDFx 7.17E-06/yr 7.21E-06/yr
CDFg 7.36E-06/yr 7.35E-06/yr
LERFgase 5.01E-08/yr 5.00E-08/yr
LERF4 5.61E-08/yr 8.49E-08/yr
LERFg 8.56E-08/yr 5.67E-08/yr

Ta 7 Days 7 Days

Ts 7 Days 7 Days

TeveLe 700 Days 700 Days
AOT\ew 1.92€-02" 1.92€-02"

™ One 7-day TS entry assumed per year.

Table 3.2-2
FPIE RISK ASSESSMENT BASE OUTPUT RESULTS
Risk Metric Unit 1 Value Unit 2 Value
CDFnew 3.28E-06/yr 3.27E-06/yr
ACDF 8.13E-08/yr 8.18E-08/yr
ICCDPA 7.61E-08 7.71E-08
ICCDPg 7.98E-08 7.98E-08
LERFNew 5.05E-08/yr 5.04E-08/yr
ALERF 4.15E-10/yr 4 16E-10/yr
ICLERP,A 1.15E-10 6.69E-10
ICLERPg 6.81E-10 1.28E-10
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3.3 EXTERNAL EVENTS

A summary of the assessment of external event risks is provided in this section. Further
details are found in Appendix A.

3.31 Internal Fires

The impact on the internal fires risk profile due to the proposed AOT extension is
evaluated using the LGS Interim FPRA [Ref. 10]. The LGS FPRA is an interim
implementation of NUREG/CR-6850; that is, not all tasks identified in NUREG/CR-6850
are yet completely addressed or implemented due to the changing state-of-the-art of
industry at the time of the 2007-2008 LGS FPRA development. Therefore, it is used to
develop both quantitative and qualitative insights for this risk assessment.

The internal fires risk impact assessment is discussed in detail in Appendix A.3
including the identification of current limitations and conservatisms associated with the
current Fire PRA model. From a quantitative perspective, however, the same set of
basic event changes identified for the FPIE model in Tables 1-3 and 1-4 were also
deemed applicable for the Fire PRA model.

The same process in Section 3.2 that was used for the FPIE model can also be used
with the Fire PRA model results. The relevant inputs to Equations 3-1 through 3-3 are
shown in Table 3.3-1 below. The corresponding output parameters from the equations
above are then provided in Table 3.3-2. Note that only fire CDF is available, therefore a
qualitative evaluation is performed for fire LERF (see note 1 to Table 3.3-2).

Table 3.3-1
FIRE PRA RISK ASSESSMENT INPUT PARAMETERS

Input Parameter Unit 1 Value Unit 2 Value
FCDFgase 1.30E-05/yr 1.43E-05/yr
FCDFA 3.99E-05/yr 4 .53E-05/yr
FCDFg 8.11E-05/yr 7.39E-05/yr
Ta 7 Days 7 Days
Ts 7 Days 7 Days
TeycLe 700 Days 700 Days
AOTnew 1.92E-02 1.92E-02
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Table 3.3-2
FIRE PRA RISK ASSESSMENT BASE OUTPUT RESULTS
Risk Metric Unit 1 Value Unit 2 Value
FCDFnew 1.40E-05/yr 1.52E-05/yr
AFCDF 9.50E-07/yr 9.06E-07/yr
ICFCDPA 5.16E-07 5.95E-07
ICFCDPg 1.31E-06 1.14E-06
FLERFnew N/AY N/A™
AFLERF N/A N/A
ICFLERPA N/A N/A
ICFLERPg N/A N/A

™) Due to the nature of the RHRSW function in mostly providing a long term
containment heat removal function, there is a very limited impact on LERF as is
indicated by the comparison of ACDF and ALERF for the internal events results.
The accident scenarios contributing to the change in risk from fires are not
expected to be any different from those for internal events. Therefore, although
not explicitly quantified, a significant increase in the LERF related risk metrics is
not expected from the fire analysis.

From a qualitative perspective, the fire risk analysis for Limerick identifies a few
scenarios where both trains of RHRSW Loop A/B, and/or both trains of RHR/SPC Loop
A/B, if failed by a fire, could result in an increased likelihood of core damage during the
extended RHRSW outage window. Each of these areas was reviewed to determine if
other mitigation measures were available to respond to the fire (e.g. containment vent
and other injection sources) or if the postulated fire is extremely remote. After
performing this screening, a few areas in each unit were identified as being most
important during the RHRSW Loop A outage window and a few areas in each unit were
identified as being most important during the RHRSW Loop B outage window.

For the RHRSW Loop A outage window, the following areas were identified as
potentially benefitting from additional compensatory measures that could further reduce
the risk of fires from these areas.

Unit 1
e Fire Area 15, Unit 1 Division 2 (D12) safeguard 4kV switchgear room
e Fire Area 24, Main Control Room (ECCS B panel 10-C601 (Bay A, B))
e Fire Area 25, Auxiliary Equipment Room (Cable Fires)

Unit 2
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e Fire Area 17, Unit 2 Division 2 (D22) safeguard 4kV switchgear room
e Fire Area 24, Main Control Room (ECCS B panel 20-C601 (Bay A, B))
e Fire Area 25, Auxiliary Equipment Room (Cable Fires)

For the RHRSW Loop B outage window, the following areas were identified as most
important:

Unit 1
e Fire Area 13, Unit 1 Division 1 (D11) safeguard 4kV switchgear room
e Fire Area 24, Main Control Room (ECCS A panel 10-C601 (Bay C, D, E, F))
e Fire Area 25, Auxiliary Equipment Room (Cable Fires and Termination
Cabinet Fires)
e Fire Area 26, Remote Shutdown Panel (Severe Fire)

Unit 2
e Fire Area 19, Unit 2 Division 1 (D21) safeguard 4kV switchgear room
¢ Fire Area 24, Main Control Room (ECCS A panel 20-C601 (Bay C, D, E, F))
e Fire Area 25, Auxiliary Equipment Room (Cable Fires and Termination
Cabinet Fires)
e Fire Area 26, Remote Shutdown Panel (Severe Fire)

Heightened awareness in the form of shift debriefs or pre-job walkdowns to reduce and
manage transient combustibles prior to entrance into the extended AOT completion time
will be used to alert the staff about the increased sensitivity to fires in these areas during
the extended RHRSW outage windows. Additionally, hot work will be limited in these
areas during the extended RHRSW outage windows. This heightened awareness when
combined with the other compensatory actions will reduce the potential for core damage
from postulated fire scenarios.

3.3.2 Seismic

Exelon does not currently maintain a seismic PRA for LGS. The impact on the seismic
risk profile due to the proposed AOT extension is evaluated using a focused, bounding
seismic risk assessment to evaluate the role of the RHRSW loops in mitigating seismic-
induced events.

The seismic risk impact assessment is discussed in Appendix A.4. The assessment
concluded that seismic risk can be appropriately screened as a non-significant
contributor to the risk assessment of the proposed AOT extension.

3.3.3 External Floods and Other External Hazards

In addition to internal fires and seismic events, the Limerick IPEEE evaluated high
winds and tornadoes, external floods, and transportation and nearby facility accidents.
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The design of the LGS plant facilities meets the NRC’s 1975 Standard Review Plan
criteria for each of the other external events evaluated.

These conclusions were reviewed for applicability to this RHRSW/SPC AOT extension
assessment and as such, external flooding and other external hazards were also
screened as non-significant contributors to the risk assessment of the proposed AOT
extension (refer to Appendix A.2).

3.4 RESULTS COMPARISON TO ACCEPTANCE GUIDELINES

Table 3.4-1 for Unit 1 and 3.4-2 for Unit 2 shows a comparison of the individual hazard
group core damage risk metrics to the acceptance guidelines defined in Section 1.3.4.

Due to the nature of the RHRSW functions, the focus is on the core damage risk metrics
since the large early risk metrics were determined not to be significant contributors for
this LAR. The results indicate that the acceptance guideline values are not exceeded in
most cases and just barely exceeded for the Unit 1 total ACDF risk metric. However,
these results did not directly account for all of the proposed compensatory measures.
For example, the identification of protected equipment trains will help to reduce fire risk
in those areas, and heightened awareness of important operator actions and fire areas
would reduce the risk even further, but this has not been directly quantified.
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Table 3.4-1

COMPARISON OF UNIT 1 INDIVIDUAL HAZARD GROUP RESULTS

TO ACCEPTANCE GUIDELINES

Figure of Value Acceptance Guideline Below Acceptance
Merit Guideline

Internal Events and Internal Floods
ACDF 8.13E-08/yr <1.0E-06/yr Yes
ICCDP, 7.61E-08 <1.0E-06, or <1.0E-5'" Yes
ICCDPg 7.98E-08 <1.0E-06, or <1.0E-5'" Yes
Internal Fires
ACDF 9.50E-07/yr <1.0E-06/yr Yes
ICCDP, 5.16E-07 <1.0E-06, or <1.0E-5'" Yes
ICCDPg 1.31E-06 <1.0E-06, or <1.0E-5"" Yes™
Other Hazard Groups
ACDF Negligible <1.0E-06/yr Yes
ICCDP, Negligible <1.0E-08, or <1.0E-5!" Yes
ICCDPg Negligible <1.0E-06, or <1.0E-5" Yes
Total Values
ACDF 1.03E-06/yr <1.0E-06/yr No®
ICCDP, 5.92E-07 <1.0E-08, or <1.0E-5!" Yes
ICCDPg 1.39E-06 <1.0E-06, or <1.0E-5'" Yes™

' Per NUMARC 93-01 as endorsed by RG 1.182, a value between 1E-06, but less than 1E-05 may be
deemed acceptable with effective compensatory measures implemented to reduce the sources of
increased risk.

@) This results in a movement from Region Il and just barely into Region Il from the quantitative
acceptance guidelines in RG 1.174 for permanent technical specification changes. This will be
discussed further in Section 5.3.
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Table 3.4-2

COMPARISON OF UNIT 2 INDIVIDUAL HAZARD GROUP RESULTS

TO ACCEPTANCE GUIDELINES

Figure of Value Acceptance Guideline Below Acceptance
Merit Guideline

Internal Events and Internal Floods
ACDF 8.18E-08/yr <1.0E-06/yr Yes
ICCDP, 7.71E-08 <1.0E-06, or <1.0E-5'" Yes
ICCDPg 7.98E-08 <1.0E-06, or <1.0E-5'" Yes
Internal Fires
ACDF 9.06E-07/yr <1.0E-06/yr Yes
ICCDP, 5.95E-07 <1.0E-06, or <1.0E-5'" Yes
ICCDPg 1.14E-06 <1.0E-06, or <1.0E-5"" Yes™
Other Hazard Groups
ACDF Negligible <1.0E-06/yr Yes
ICCDP, Negligible <1.0E-08, or <1.0E-5!" Yes
ICCDPg Negligible <1.0E-06, or <1.0E-5" Yes
Total Values
ACDF 9.88E-07/yr <1.0E-06/yr Yes
ICCDP, 6.72E-07 <1.0E-08, or <1.0E-5!" Yes
ICCDPg 1.22E-06 <1.0E-06, or <1.0E-5'" Yes™

' Per NUMARC 93-01 as endorsed by RG 1.182, a value between 1E-06, but less than 1E-05 may be
deemed acceptable with effective compensatory measures implemented to reduce the sources of
increased risk.
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3.5 UNCERTAINTY ASSESSMENT

3.51 Parametric Uncertainty

Consistent with the ASME PRA Standard, quantitative parametric uncertainty analyses
for both CDF and LERF are evaluated to determine if the point estimates calculated by
the PRA model appropriately represent the mean. The results of these analyses are
summarized in Appendix B.2.1.

The parametric uncertainty analysis shown in Appendix B.2.1 supports the use of the
point estimate to represent the mean for the calculation of the changes in the risk
metrics for the extended AOT.

352 Modeling Uncertainty

An assessment of modeling uncertainties is documented in Sections B.1 and B.2.2.

e Section B.1 provides an examination of the specific sequences and
cutsets that affect the change in the CDF risk metric associated with the
change in the RHRSW/SPC AOT.

e Section B.2.2 provides an assessment of the candidate sources of model
uncertainty for the RHRSW/SPC AOT change request.

The model uncertainty assessment highlighted the following sources of uncertainty as
being important to address with potential compensatory measures:

e Heightened awareness should be maintained regarding the important operator
actions associated with the performance of the extended AOT (i.e., operator
actions to refill the CST, operator action to vent containment per T-200, and
operator action to maximize CRD injection to the vessel per T-240).

e Proper standby alignment of the opposite RHRSW train should be ensured prior
to entry into the AOT as this would reduce the contribution from potential pre-
initiator errors.

e The PRA analysis already includes exclusion of several maintenance
combinations that would not be allowed to be performed during the extended
AOT (opposite train RHRSW pumps and opposite train ESW loop). It was also
noted that avoiding elective maintenance on the individual EDGs that support the
protected RHRSW pump trains would also reduce the overall CDF contribution
from LOOP events:

= When RHRSW Loop A is unavailable
- EDGX12TM, Diesel Generator 12 supports RHRSW Pump B
- EDGX24TM2, Diesel Generator 24 supports RHRSW Pump D
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= When RHRSW Loop B is unavailable
- EDGX11TM, Diesel Generator 11 supports RHRSW Pump A
- EDGX23TM2, Diesel Generator 23 supports RHRSW Pump C

e Avoiding elective maintenance on the RHR trains that support the protected
RHRSW loop would also reduce the CDF contribution from various contributors:

= When RHRSW Loop A is unavailable
- DPMO02BTM, Unit 1 RHR Pump B
- DPMO02DTM, Unit 1 RHR Pump D
- DPMO02BTM2, Unit 2 RHR Pump B
- DPMO02DTM2, Unit 2 RHR Pump D

= When RHRSW Loop B is unavailable
- DPMO02ATM, Unit 1 RHR Pump A
- DPMO02CTM, Unit 1 RHR Pump C
- DPMO02ATMZ2, Unit 2 RHR Pump A
- DPMO02CTM2, Unit 2 RHR Pump C

The results of the modeling uncertainty assessments do not change the conclusions of
this risk assessment for the proposed RHRSW/SPC AOT changes, but it does provided
added assurance that the compensatory measures have been appropriately identified.

3.6 RISK SUMMARY

This analysis demonstrates with reasonable assurance that the proposed TS change is
within the current risk acceptance guidelines in RG 1.174 and not substantially above
the current acceptance guidelines in RG 1.177 for permanent changes. This combined
with effective compensatory measures to maintain lower risk ensures that the TS
change meets the intent of the ICCDP and ICLERP acceptance guidelines of 1.0E-05
and 1.0E-06 established for compatibility with the ICDP and ILERP limits of Section 11
in NUMARC 93-01, which is applicable for voluntary maintenance activities requiring
risk management actions.
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40 TECHNICAL ADEQUACY OF PRA MODEL

The 2008A update to the LGS PRA model (LG108A and LG208A) is the most recent
evaluation of the risk profile at LGS for FPIE challenges. The LGS PRA modeling is
highly detailed, including a wide variety of initiating events, modeled systems, operator
actions, and common cause events. The PRA model quantification process used for
the LGS PRA is based on the event tree / fault tree methodology, which is a well-known
methodology in the industry.

Exelon employs a multi-faceted approach to establishing and maintaining the technical
adequacy and plant fidelity of the PRA models for all operating Exelon nuclear
generation sites. This approach includes both a proceduralized PRA maintenance and
update process, and the use of self-assessments and independent peer reviews. The
following information describes this approach as it applies to the LGS PRA.

41 PRA QUALITY OVERVIEW

The quality of the LGS FPIE PRA is important in making risk-informed decisions. The
importance of the PRA quality derives from NRC Policy Statements as implemented by
RGs 1.174 and 1.177, rule making and oversight processes. These can be briefly
summarized as follows using the words of the NRC Policy Statement (1995):

1. “The use of PRA technology should be increased in all regulatory
matters to the extent supported by the state-of-the-art...and supports
the NRC'’s traditional defense-in-depth philosophy.”

2. “PRA...should be used in regulatory matters...to reduce unnecessary
conservatism...”

3. “PRA evaluations in support of regulatory decisions should
be...realistic...and appropriate supporting data should be publicly
available for reviews.”

4. “The Commission’s safety goals...and subsidiary numerical objectives
are to be used with appropriate consideration of uncertainties in
making regulatory judgments...”

5. “Implementation of the [PRA] policy statement will improve the
regulatory process in three ways:

— Foremost, through safety decision making enhanced by the use of
PRA insights;

— Through more efficient use of agency resources; and
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— Through a reduction in unnecessary burdens on licensees.”

PRA quality is an essential aspect of risk-informed regulatory decision making. In this
context, PRA quality can be interpreted to have five essential elements:

e Scope (Section 4.2): The scope (i.e., completeness) of the FPIE PRA.
The scope is interpreted to address the following aspects:

— Challenges to plant operation (Initiating Events):
> Internal Events (including Internal Floods)
» External Hazards
> Fires

— Plant Operational states:
> Full Power
> Low Power
» Shutdown

— The metrics used in the quantification:
> Level 1 PRA - CDF
> Level 2 PRA - LERF
> Level 3 PRA — Health Effects

o Fidelity (Section 4.3): The fidelity of the PRA to the as-built, as-operated
plant.

o Standards (Section 4.4): ASME/ANS PRA Standard [Ref. 4] as endorsed
by the NRC in Regulatory Guide 1.200 [Ref. 1].

e Peer Review (Section 4.5): An independent PRA peer review provides a
method to examine the PRA process by a group of experts. In some
cases, a PRA self-assessment using the available PRA Standards
endorsed by the NRC can be used to replace or supplement this peer
review.

e Appropriate Quality (Section 4.6): The quality of the PRA needs to be
commensurate with its application. In other words, the needed quality is
defined by the application requirements.

42 SCOPE

The LGS PRA is a full power, internal events (FPIE) PRA that addresses both CDF and
LERF. The quantitative insights from the FPIE PRA are directly applicable to the
RHRSW/SPC AOT Extension PRA application. This scope is judged to be adequate to
support the RHRSW/SPC AOT PRA application. Consideration of other modes of
operation is addressed in Section 1.4 and an evaluation of other potential hazard
groups is included in Appendix A of this report.
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Because not all PRA standards are available to define the appropriate elements of PRA
quality for all applications, the NRC has adopted a phased implementation approach.
This phased approach uses available PRA tools and their quantitative results where
standards are available and endorsed by the NRC. Where standards are not yet
available or endorsed, this approach uses qualitative insights or bounding approaches
as needed.

The quality assessment performed in this section confirms the adequacy of the FPIE
PRA. This quality assessment does not address the risk implications associated with
low power or shutdown operation, nor does it address the quality assessment of
external events (including fire). However, the results of the analysis for these other
contributors have been used to obtain additional insights for potential compensatory
measures and otherwise do not change the conclusions of the assessment.

4.3 FIDELITY: PRA MAINTENANCE AND UPDATE

The Exelon risk management process for maintaining and updating the PRA ensures
that the PRA model remains an accurate reflection of the as-built and as-operated
plants. This process is defined in the Exelon Risk Management program, which
consists of a governing procedure (ER-AA-600, "Risk Management") and subordinate
implementation procedures. Exelon procedure ER-AA-600-1015, "FPIE PRA Model
Update" delineates the responsibilities and guidelines for updating the full power internal
events PRA models at all operating Exelon nuclear generation sites. The overall Exelon
Risk Management program, including ER-AA-600-1015, defines the process for
implementing regularly scheduled and interim PRA model updates, for tracking issues
identified as potentially affecting the PRA models (e.g., due to changes in the plant,
errors or limitations identified in the model, industry operating experience), and for
controlling the model and associated computer files. To ensure that the current PRA
model remains an accurate reflection of the as-built, as-operated plants, the following
activities are routinely performed:

e Design changes and procedure changes are reviewed for their impact on
the PRA model.

e New engineering calculations and revisions to existing calculations are
reviewed for their impact on the PRA model.

¢ Maintenance unavailabilities are captured, and their impact on CDF is
trended.

e Plant specific initiating event frequencies, failure rates, and maintenance
unavailabilities are updated approximately every four years.

In addition to these activities, Exelon risk management procedures provide the guidance
for particular risk management and PRA quality and maintenance activities. This
guidance includes:
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¢ Documentation of the PRA model, PRA products, and bases documents.

e The approach for controlling electronic storage of Risk Management (RM)
products including PRA update information, PRA models, and PRA
applications.

e Guidelines for updating the full power, internal events PRA models for
Exelon nuclear generation sites.

e Guidance for use of quantitative and qualitative risk models in support of
the On-Line Work Control Process Program for risk evaluations for
maintenance tasks (corrective maintenance, preventive maintenance,
minor maintenance, surveillance tests and modifications) on systems,
structures, and components (SSCs) within the scope of the Maintenance
Rule (10CFR50.65 (a)(4)).

In accordance with this guidance, regularly scheduled PRA model updates nominally
occur on a four year cycle; shorter intervals may be required if plant changes, procedure
enhancements, or model changes result in significant risk metric changes.

44 STANDARDS

The ASME PRA Standard provides the basis for assessing the adequacy of the LGS
PRA as endorsed by the NRC in RG 1.200, Revision 1. The predecessor to the ASME
PRA Standard was NEI 00-02 which identified the critical internal events PRA elements
and their attributes necessary for a quality PRA.

4.5 PEER REVIEW AND PRA SELF-ASSESSMENT

There are three principal ways of incorporating the necessary quality into the PRA in
addition to the maintenance and update process. These are the following:

e A thorough and detailed investigation of open issues and the
implementation of their resolution in the PRA.

e A PRA Peer Review to allow independent reviewers from outside to
examine the model and documentation. The ASME PRA Standard
specifies that a PRA Peer Review be performed on the PRA.

e The use of the ASME PRA Standard to define the criteria to be used in
establishing the quality of individual PRA elements

There have been several assessments to support a conclusion that the Limerick PRA
model adequately meets the PRA standard such that it can be used to support risk
applications in accordance with Regulatory Guide (RG) 1.200.

The LGS PRA model for internal events received a formal industry peer review in
November 1998. The model was updated in 2001 to address all of the significant
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findings from that review. Subsequently, LGS was one of the five nuclear plants that
piloted application of RG 1.200. As part of that process a PRA gap analysis that
compared the LGS PRA to the requirements of the NRC-endorsed ASME PRA
Standard was completed in 2003 in support of the LGS pilot for Risk-Informed activities.
Additionally, the Limerick PRA model was subject to an NRC RG 1.200 pilot
assessment in July 2004, and following the completion of the PRA model update in
2005 to strategically address the identified gaps, a peer review against Addendum B of
the ASME PRA Standard was performed in October 2005 [Ref. 15].

In the SER that was issued on September 28, 2006 from the NRC [Ref. 16] for
implementation of the surveillance frequency control program (SFCP), which allows for
relocation of surveillance test intervals to a licensee-controlled program, the following
concluding statement was included regarding the quality of the Limerick PRA model:

Based on the peer review completed in 1998, the self-assessment using
DG-1112 in 2003, and the peer review using RG 1.200, and draft Addendum
B of ASME RA-Sa-2003, the licensee has demonstrated that the LGS PRA
model for internal events is of adequate quality to support implementation of
the SFCP consistent with the PRA quality requirements of NEI 04-10,Rev. 0.

Additionally, in May of 2008, a focused peer review against Addendum B of the ASME
PRA Standard of the updated internal flooding analysis was performed [Ref. 17]. The
results of that peer review will also serve as input into the remaining portion of the PRA
technical adequacy assessment which follows.

It should be noted that PRAs can be used in applications despite not meeting all of the
Supporting Requirements of the Combined ASME/ANS PRA Standard. This is well
recognized by the NRC and is explicitly stated in the Combined ASME/ANS PRA
Standard.

4.6 APPROPRIATE PRA QUALITY

The PRA is used within its limitations to augment the deterministic criteria for plant
operation. This is confirmed by the PRA Peer Review and the PRA Self-Assessment.
As indicated previously, RG 1.200 also requires that additional information be provided
as part of the LAR submittal to demonstrate the technical adequacy of the PRA model
used for the risk assessment. Each of these items (plant changes not yet incorporated
in to the PRA model, consistency with applicable PRA Standards, relevant peer review
findings, and the identification of key assumptions) is discussed below.

4.6.1 Plant Changes Not Yet Incorporated into the PRA Model

A PRA updating requirements evaluation (URE) is Exelon’s PRA model update tracking
database. These UREs are created for all issues that are identified with a potential to
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impact the PRA model. The URE database includes the identification of those plant
changes that could impact the PRA model. A review of the current open items in the
URE database associated with plant changes for LGS is summarized in Table 4-1 along
with an assessment of the impact for this application.

The results of the assessment documented in Table 4-1 are that none of the plant
changes have any measurable impact on the RHRSW/SPC AOT extension request.

46.2 Consistency with Applicable PRA Standards

As indicated above, formal peer reviews against Addendum B of the ASME PRA
Standard were performed in October 2005 and a focused peer review for internal
flooding was performed in May 2008. The results of that review plus the identification of
a few items based on changes to the PRA Standard that have evolved since that time
lead to the identification of the LGS PRA as not meeting Capability Category Il for a
small number of Supporting Requirements (SRs) listed below. These SRs are
summarized in Table 4-2 along with the status after the completion of the 2008A LGS
PRA update plus their impact for the base model.

In summary, prior to the completion of the 2008A update there were 29 Supporting
Requirements that were judged to be “Not Met” or only meeting Capability Category |.
At the completion of the 2008A update, there are just eight supporting requirements that
are judged to be “Not Met” or only meeting Capability Category |. As indicated in Table
4-2 for those items that have not been closed, these remaining gaps have very limited
or no impact on the model results and also have very limited or no impact on the
RHRSW/SPC AOT extension request.

46.3 Relevant Peer Review Findings

RG 1.200, Revision 1 provides the following guidance with respect to meeting the
ASME PRA Standard requirements and hence to the quality of a PRA model:

If the requirement has been met for the majority of the systems or parameter
estimates, and the few examples can be put down to mistakes or oversights,
the requirement would be considered to be met. If, however, there is a
systematic failure to address the requirement (e.g. component boundaries
have not been defined anywhere), then the requirement has not been
complied with. In either case, the examples of noncompliance are to be (1)
rectified or demonstrated not to be relevant to the application, and (2)
documented.

The results of the October 2005 and May 2008 peer reviews are also used to identify
the relevant peer review findings for the PRA model used for this assessment. These
findings are summarized in Table 4-3 along with an assessment of the impact for the
base model development. The associated F&Os with the “Not Met” or “Capability
Category I” issues identified above are not repeated in this assessment. Table 4-3,
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therefore only includes those “Findings” (i.e. “B” level F&Os associated with the 2005
peer review and “Findings” from the 2008 internal flooding focused peer review) that are
associated with SRs that were otherwise assigned to be at least Capability Category I
from the peer review consistent with the RG-1.200 guidance quoted above.

In summary, prior to the completion of the 2008A update there were 19 additional peer
review findings not already encompassed within the entries in Table 4-2. At the
completion of the 2008A update, there are just seven relevant findings that are judged
to not be fully closed. As indicated in Table 4-3, however, these remaining open items
have no or very limited impact on the model results and also should have no or very
limited impact on most applications of the model. Tables 4-2 and 4-3 also include an
evaluation of the impact of these findings on the model for this application.

464 Identification of Key Assumptions

Key assumption identification is discussed in detail in Appendix B and summarized in
Section 3.5.
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TABLE 4-1

IMPACT ON THE LIMERICK PRA MODEL OF PLANT CHANGES SINCE THE LAST PRA UPDATE

URE DESCRIPTION DISPOSITION IMPACT ON THE
NUMBER APPLICATION
LG2004-086 |OPRM mod ecr 01-00353 and 354. The Deferred. Enhancement/ level of detail not considered Non-significant impact. This is
modification adds the reactor power necessary at this time. considered a minor
instability scram to RPS. modification to the RPS logic
and would not significantly
impact the results.
LG2005-001 |Use of Temporary battery charger per ECR |Deferred. This is a level of detail that would not No impact, current treatment
05-00023. ECR 05-00023 allows use of a significantly impact the results. Use of temporary is conservative
temporary non- seismically qualified battery |charger can be assumed to be approximately equivalent
charger if the permanent charger is failed to |to existing charger if put into place.
maintain voltage and prevent the battery
from discharging. This is supported by TS.
LG2005-006 |Alternate power supply for C and D ESW. Deferred. This is a level of detail refinement thatis not | No impact, current treatment
D13 & D14 provide alternate power supply |considered absolutely necessary to implement at this is conservative
to OCESW & ODESW time (2008 update).
LG2005-007 |Credit EDG X-tie to X-Unit 4 kV (Ref. ECR |Deferred. Only cross-tie of the EDGs within each unit No impact, current treatment

04-00651 approved in Feb 2005 and Design
Analysis LE-0111

are credited. This retains a slight conservative treatment
without overcomplicating the logic structure within the
PRA model. It is a level of detail refinement that is not
considered absolutely necessary to implement at this
time (2008 update).

is conservative
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TABLE 4-1

IMPACT ON THE LIMERICK PRA MODEL OF PLANT CHANGES SINCE THE LAST PRA UPDATE

URE
NUMBER

DESCRIPTION

DISPOSITION

IMPACT ON THE
APPLICATION

LG2007-048

ECR 05-00040 (Unit # 1) removes the love
controllers from the control logic for the
RHR and Core Spray unit coolers and
directly interlocks the unit coolers start and
stop logic to their associated pump (RHR or
Core Spray) start and stop logic. This ECR
also install new digital STS controllers to
perform the alarm function in the unit
coolers control logic and to satisfy the
Appendix R requirement for RHR pump
room unit cooler 1AV210 only.

Mod deferred, not to be added to model until installed at

the plant.

No impact, change not
implemented

LG2007-049

ECR 05-00041 (Unit # 2) removes the love
controllers from the control logic for the
RHR and Core Spray unit coolers and
directly interlocks the unit coolers start and
stop logic to their associated pump (RHR or
Core Spray) start and stop logic. This ECR
also install new digital STS controllers to
perform the alarm function in the unit
coolers control logic.

Mod deferred — see LG2007-048.

No impact, change not
implemented
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TABLE 4-1

IMPACT ON THE LIMERICK PRA MODEL OF PLANT CHANGES SINCE THE LAST PRA UPDATE

URE DESCRIPTION DISPOSITION IMPACT ON THE
NUMBER APPLICATION
LG2008-009 |Contingency to Isolate "A" RHRSW Return | (1) Verify which if any of these ECRs (08-00231, 08- No impact, change not

Piping to U1 Cooling Tower and X-Tie to U2
Cooling Twr. ECR TCP 08-00231 -
Contingency Repair due to External Pipe
Corrosion in man hole MH-212. PSA Model
is impacted (HV-012-111, -113, -017A, -
017B) and will be reviewed and revised if
contingency is implemented.

00273, 08-00276) implementation has occurred prior to
incorporation into LGS PRA Model.

[Note that this mod has not been implemented at the
site.]

(2) Scope includes isolation (closure) of valves HV-012-
111 and HV-012-113 in MH-212. Scope also includes
removal of HV-012-017A and cut / cap its pipe in MH-
212. This defeats the cross-tie from "A" RHRSW return
to U2 Cooling Tower as well as "B" RHRSW Return to
U1 Cooling Tower (HV-012-017B). Scope of ECR 08-
00231 later changed to change position of HV-012-113
to "NLC", HV-012-111 to "NLO", HV-012-017A(B)
changes are de-scoped from ECR.

(3) Also, revise PRA Summary Notebook, LGS-PRA-
013, section 4.4.3 (Insight) and section 4.5.10
(Sensitivity Impact of Not Crediting ESW/RHRSW
Discharge to the Cooling Towers - 5% CDF reduction if
OPS Action HEP was not 1.0)

implemented
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TABLE 4-1

IMPACT ON THE LIMERICK PRA MODEL OF PLANT CHANGES SINCE THE LAST PRA UPDATE

URE DESCRIPTION DISPOSITION IMPACT ON THE
NUMBER APPLICATION
LG2009-001 |Inhibit AUTO-START of "C" SLCS PP (ECR |The individual SLCS pump importance values are Very minimal impact. ATWS

07-00413). ECR 07-00413 proposes to
inhibit the AUTO-START of "C" SLCS PP.
Ref. PIMS AR A1637702-11.ECR design
engr (Ken Collier) advises that "There is no
licensing or regulatory requirement to have
three SLC pumps in operation with an auto
start signal" and that "LGS is the only plant
to my knowledge that has 3 SLCS PPs".

negligible even in the updated model even though
ATWS |.E. contribution is changing from 7.5% (2004B
PRA model) to about 17% in the 2008A PRA model.
This is because other factors (non-SLCS-related) are
causing the ATWS contribution increase. A change
would be required to disable the auto function in the
logic for the C pump, but this will still have a very small
impact since the overall ATWS contribution is due to
other operator action failures not directly related to
SLCS injection. Future PRA revision would require a
parallel OPs action for a manual start of "C" SLCS PP if
needed (if 1 of other 2 PPs FTS.)

[Note that this mod has not been implemented at the
site.]

scenarios are not significant
contributors for the proposed
RHRSW/SPC AQOT extension
(Refer to Appendix B, Table
B-1).
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TABLE 4-2

IMPACT OF PRA STANDARD SUPPORTING REQUIREMENTS NOT AT LEAST
CATEGORY Il FOR THE LIMERICK PRA MODEL

SR(S)

ISSUE DESCRIPTION

IMPACT ON BASE MODEL

IMPACT ON APPLICATION

IE-A7

Review plant-specific operating

experience for initiating event
pre-cursors.

Minimal impact. This SR
was assigned meeting only
Category | since formal
documentation of the pre-
cursor review was not
provided.

The Limerick initiating event
development is thorough
and includes a
comprehensive set of
initiating events consistent
with most industry BWRs.
The current treatment is
believed to provide the best
estimate response for the
plant, and as such not fully
meeting this SR has minimal
impact on the base model
analysis and for most
applications of the model.

Minimal impact, a full range
of intiating events are
included in the model
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TABLE 4-2

IMPACT OF PRA STANDARD SUPPORTING REQUIREMENTS NOT AT LEAST
CATEGORY Il FOR THE LIMERICK PRA MODEL

SR(S)

ISSUE DESCRIPTION

IMPACT ON BASE MODEL

IMPACT ON APPLICATION

SY-A12b

Include those failures that can
cause flow diversion pathways
that result in failure to meet the
system success criteria.

Very limited impact. This SR
was identified as “Not Met”
since it was identified that
the HPCI min-flow valve
failure to close should be
modeled. The failure of the
min-flow valve to close was
incorporated into the HPCI
system logic model as part
of the 2008 update.

Diversion paths were
considered in the
development of all of the
system logic models. All
relevant single valve failures
are included. A detailed
investigation to look for
additional potential diversion
paths stemming from
multiple valve failures would
have a small impact on the
CDF and LEREF results, and
as such will not significantly
impact the base model
assessment. However, this
type of investigation could
be useful to support some
applications (particularly the
Fire PRA model where
multiple spurious operations
should be considered).

Minimal impact, flow
diversion failures will not
signifcantly add to the
existing system or train
failure probabilities.

HR-A1

This supporting requirement
indicates that the test and
maintenance pre-initiators
should be derived from a review
of procedures and practices.

Very limited impact. The
model includes several test
and maintenance pre-
initiators for a number of risk
significant systems, but
these were not derived from
a formal review of
procedures and practices.

No impact, test and
maintenance pre-initiators
exist for all relevant systems
associated with this LAR (i.e.
HPCI, RCIC, EDG, and RHR
loops).
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TABLE 4-2

IMPACT OF PRA STANDARD SUPPORTING REQUIREMENTS NOT AT LEAST
CATEGORY Il FOR THE LIMERICK PRA MODEL

SR(S) ISSUE DESCRIPTION IMPACT ON BASE MODEL | IMPACT ON APPLICATION
DA-C6 Document and employ the Minimal impact. For the Minimal impact as the
methodology used for most part, the estimated current data values provide
determining the standby demands were determined a reasonable representation
component number of demands | from the Maintenance Rule of the best estimate
to include plant specific: database. This database reliability response for the
e surveillance tests specifically includes the plant
contribution from the listed
e maintenance acts items, but the contribution is
. not specifically mapped to
e surveillance tests or each in all cases.
maintenance on The current treatment is
other components ; .
believed to provide a
e operational reasonable representation of
demands the best estimate response
for the plant, and as such
not fully meeting this SR has
minimal impact on the base
model analysis and for most
applications of the model.
DA-C7 Base number of tests, Minimal impact. Providing Minimal impact as the

maintenance activities, and
unplanned maintenance on
actual plant experience.

documentation of the
maintenance and test
procedures and how they
are used to estimate
demands seems
unnecessary since the
estimated demands were
mostly determined from the
Maintenance Rule database.

The current treatment is
believed to provide a
reasonable representation of
the best estimate response
for the plant, and as such
not fully meeting this SR has
minimal impact on the base
model analysis and for most
applications of the model.

current data values provide
a reasonable representation
of the best estimate
reliability response for the
plant
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TABLE 4-2

IMPACT OF PRA STANDARD SUPPORTING REQUIREMENTS NOT AT LEAST
CATEGORY Il FOR THE LIMERICK PRA MODEL

SR(S) ISSUE DESCRIPTION IMPACT ON BASE MODEL | IMPACT ON APPLICATION

IF-B3 Supporting Requirement IF-B3 Very minimal impact. Minimal impact. Flooding
specifies that the total volume Screening of scenarios was | scenarios are not very
and temperature and pressure not based on volume of significant contributors for
of the flood source be specified. | water within the system. It the proposed RHRSW/SPC

was based on initiating event | AOT extension (Refer to
frequencies and bounding Appendix B, Table B-2).
CCDPs with no credit for

mitigation measures.

Additionally, flood sources at

LGS are low-temperature

systems and temperature

would not be expected to

influence the accident

progression.

IF-C2b Supporting Requirement IF-C2b | Very minimal impact. The Minimal impact. Flooding
calls for and accounting for few scenarios that were scenarios are not very
drains in estimating flood analyzed in detail were significant contributors for
volumes and SSC impacts from | judged not to be significantly | the proposed RHRSW/SPC
flooding. impacted by drain AOT extension (Refer to

capacities. Appendix B, Table B-2).

IF-D1 Supporting Requirement IF-D1 Addressed in 2008 update. No Impact
calls for the identification of the | Revision 1 of the flooding
appropriate initiating event from | report re-established the
the flood scenario. appropriate initiating events

for each scenario. The
updated version was
integrated in to the LG108A
and LG208A models.
IF-E1 Supporting Requirement IF-E1 Addressed in 2008 update. No Impact

calls for the associated plant
initiating event group to confirm
applicability of the accident
sequence model.

Revision 1 of the flooding
report ensured that the
major flood sources were not
credited in the subsequent
accident progression
modeling. The updated
version was integrated in to
the LG108A and LG208A
models.
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TABLE 4-2

IMPACT OF PRA STANDARD SUPPORTING REQUIREMENTS NOT AT LEAST
CATEGORY Il FOR THE LIMERICK PRA MODEL

SR(S) ISSUE DESCRIPTION IMPACT ON BASE MODEL | IMPACT ON APPLICATION
IF-E5a Supporting Requirement IF-E5a | Minimal impact. Supporting | Minimal impact. Flooding
calls for a systematic detailed HEP evaluations scenarios are not very
assessment of the existing were developed for the significant contributors for
operator actions that are major flood contributors. the proposed RHRSW/SPC
included in flood sequences. Further analysis for all AOT extension (Refer to
existing HEPs associated Appendix B, Table B-2).
with the flooding analysis is
not expected to significantly
impact the results where all
but a few contributors were
left in the model as bounding
scenarios.
IF-E6 Supporting Requirement IF-E6 | Addressed in 2008 update. No Impact
calls for explicitly quantifying The updated analysis was
flood-related LERF. integrated in to the LG108A
and LG208A models that
include an evaluation of
LERF.
IF-E7 Supporting Requirement IF-E7 | Addressed in 2008 update. No Impact
calls for explicitly reviewing The updated analysis was
applicability of the flood-related | integrated in to the LG108A
LERF sequences. and LG208A models that
include a specific evaluation
of LERF including all of the
impacts from the flood
scenarios.
QU-B4 Use min-cut upper bound or an | Fully addressed in the 2008 | No Impact
exact solution. The rare event update with the conversion
approximation may be used to the use of the CAFTA
when basic event probabilities software.
are below 0.1.
QU-B8 Set logic flags to either TRUE or | Fully addressed in the 2008 | No Impact

FALSE (instead of setting the
event probabilities to 1.0 or
0.0), as appropriate for each
accident sequence, prior to the
generation of cut sets.

update. All HEP values that
were evaluated in detail and
were determined to be 1.0
and other 1.0 value basic
events are set to TRUE in
the model.
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TABLE 4-2

IMPACT OF PRA STANDARD SUPPORTING REQUIREMENTS NOT AT LEAST
CATEGORY Il FOR THE LIMERICK PRA MODEL

SR(S)

ISSUE DESCRIPTION

IMPACT ON BASE MODEL

IMPACT ON APPLICATION

QU-D3

Compare results to those from
similar plants.

Addressed in the 2008
update. A detailed
comparison to other Exelon
BWRs is included in section
4.6 of the Summary
Notebook. Additional, the
quantification notebook does
provide comparison to a
typical BWR to explain
plusses and minuses of the
Limerick features with
respect to the calculated
CDF and LERF values.

No Impact

QU-F5

Document limitations in the
quantification process that
would impact applications.

Addressed in the 2008
update. There are no
limitations of CAFTA and the
Limerick modeling that
would significantly impact
the results of the base model
assessment or applications
of the model. However, as
noted in the quantification
notebook (LG-PRA-014), the
use of the Forte
quantification engine may
not work at very low
truncation limits.

No Impact. The base PRA
model truncation limits of
1E-11 were used for the
CDF evaluations and 1E-12
for the LERF evalautions.

QU-F6

Document the quantitative
definition used for significant
basic event, significant cut set,
and significant accident
sequence.

Addressed in the 2008
update. It was noted that
other than in the HRA
notebook, the
documentation did not
include the applied definition
of “significant”. Itis now
noted here that the ASME
Standard definition is
generally applied.

No Impact
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TABLE 4-2

IMPACT OF PRA STANDARD SUPPORTING REQUIREMENTS NOT AT LEAST
CATEGORY Il FOR THE LIMERICK PRA MODEL

SR(S)

ISSUE DESCRIPTION

IMPACT ON BASE MODEL

IMPACT ON APPLICATION

QU-E1
QU-E2
QU-E4
QU-F4
IE-D3

AS-C3
SC-C3
SY-C3
HR-I13

DA-E3
IF-F3

LE-G4

Several SRs associated with
treatment of model uncertainty
and related model assumptions
have been recently redefined.
NRC has issued a clarification
to its endorsement of the PRA
Standard, and these
clarifications have been rolled
into the latest version of the
PRA Standard. NRC and EPRI
have recently completed
guidance on an acceptable
process for meeting these
requirements.

Addressed in the 2008
update. An assessment
based on the final EPRI
guidance [Ref. 8] for the
base PRA model has been
performed and included in
Appendix A of the LGS
Summary Notebook (LG-
PRA-013). The results of
that assessment are
factored into the
identification of potentially
key assumptions for
applications of the model as
described in Appendix B of
this report.

Minimal Impact. The base
PRA results are referenced
by the application, and
application specific
sensitivity studies are
performed based on NRC
and EPRI guidance.
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TABLE 4-3
IMPACT OF SIGNIFICANT PRA PEER REVIEW FINDINGS FOR THE LIMERICK PRA
MODEL
SR(S) ISSUE DESCRIPTION IMPACT ON BASE MODEL IMPACT ON APPLICATION

AS-A5 Define the accident Addressed in the 2008 update. A No Impact
sequence model in a finding was identified that noted
manner that is that credit for re-opening of MSIVs
consistent with the in some transient scenarios may
plant-specific system need to be re-examined. Credit for
design, EOPs, re-opening of MSIVs was removed
abnormal procedures, | as part of the 2008 update.
and plant transient
response.

AS-B3 For each accident Very limited impact. A finding was | Minimal impact as high
sequence, identify the | identified to provide a firmer basis | energy line breaks
phenomenological for the potential impacts from the scenarios are not very
conditions created by High Energy Line Breaks outside significant contributors for
the accident of containment. the proposed RHRSW/SPC
progression. The current treatment that AOT extension (Refer to

ultimately relies on injection from Appendix B, Table B-2).
an external source outside of the
reactor enclosure dominates the
impact of these events, and as
such not fully addressing this
finding has minimal impact on the
base model analysis and most
applications of the model.
AS-B6 Model time-phased Addressed in the 2008 update. A No Impact

dependencies in the
accident sequences.

finding was identified that noted
that the HEPs for manual
depressurization and initiating
drywell sprays given vapor
suppression failure are treated
independently, and that better
justification is required to support
that sufficient time would be
available to support these actions.

The subject actions were re-
analyzed as part of the 2008
update to appropriately account for
the time available and also to
capture the dependencies.
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TABLE 4-3
IMPACT OF SIGNIFICANT PRA PEER REVIEW FINDINGS FOR THE LIMERICK PRA
MODEL
SR(S) ISSUE DESCRIPTION IMPACT ON BASE MODEL IMPACT ON APPLICATION
SC-B1 Use appropriate Addressed in the 2008 update. No Impact

realistic
analysis/evaluations
that are applicable to
the plant.

There were 2 separate findings
associated with this SR.

e A finding identified that the

current treatment of utilizing a
0.5 failure probability for the
use of fire water injection to
the RPV because detailed
thermal/hydraulic evaluations
were not available to support
use of this mode of injection
does not meet the intent of this
SR. Engineering calculations
made since the peer review in
support of the B5b mitigative
measure implementation
provide a high level of
confidence that injection from
the fire water system into the
RPV is indeed feasible.
Therefore, the current model
includes a detailed HEP
evaluation to support the use
of this system when
appropriate.

A second finding indicated that
the time available to respond
for emergency
depressurization in medium
LOCA events should be re-
evaluated. The updated HRA
analysis addressed this issue
considering both
representative steam and
water line breaks with
separate HEP values derived
for each.
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TABLE 4-3
IMPACT OF SIGNIFICANT PRA PEER REVIEW FINDINGS FOR THE LIMERICK PRA
MODEL
SR(S) ISSUE DESCRIPTION IMPACT ON BASE MODEL IMPACT ON APPLICATION
SY-A6 In defining the system | Addressed in the 2008 update. A No Impact

boundary, include
within the boundary
the components
required for system
operation.

finding noted that since the EDG
HVAC system is not included in the
EDG boundary then CCF
parameters should be included for
the EDG HVAC system.

The incorporation of CCF
parameters for the EDG HVAC
system was added as part of the
2008 update.
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TABLE 4-3
IMPACT OF SIGNIFICANT PRA PEER REVIEW FINDINGS FOR THE LIMERICK PRA
MODEL
SR(S) ISSUE DESCRIPTION IMPACT ON BASE MODEL IMPACT ON APPLICATION
SY-A11 Incorporate the effect Addressed in the 2008 update. No Impact

of variable success
criteria into the system
modeling.

There were 3 findings associated
with this SR.

¢ One item related to
crediting RHRSW to ESW
cross-tie early. Credit for
use of the RHRSW to ESW
cross-tie was removed as
part of the 2008 update.

e The second item related to
crediting 4kV cross-tie
early. Adjustments were
made to ensure that credit
for the 4 kV cross-tie was
disabled in very early time
frame scenarios (i.e. prior
to 2 hours).

e The third item related to
crediting use of HPCI and
RCIC in a serial fashion
when it is not specifically
procedurally directed.
However, the current
treatment is believed to
provide a reasonable
approximation of plant
response since only
allowing for two hours of
battery life per division
provides a slight
conservative bias to the
results.

Additionally, it is well known that
the TRIP (EOP) guidance will
provide the ultimate guidance in
response to LOOP/SBO events
such that both HPCI and RCIC will
be used as long as either is
available.
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TABLE 4-3
IMPACT OF SIGNIFICANT PRA PEER REVIEW FINDINGS FOR THE LIMERICK PRA
MODEL
SR(S) ISSUE DESCRIPTION IMPACT ON BASE MODEL IMPACT ON APPLICATION
SY-A13 Include consideration Addressed as part of the 2008 No Impact
of all failure modes, update. A finding identified that
consistent with spurious operation of instruments
available data and and transmitters that can trip a
model level of detail. mitigating system have not been
included in the system fault trees.
As noted in the Limerick System
Notebooks, spurious operations
are included with mis-calibration
events only. Spurious operation
events are implicitly subsumed by
these events. This is consistent
with the exclusion criteria listed in
SY-A14.
SY-B8 Identify and account Addressed as part of the 2008 No Impact
for spatial and update. A finding identified the
environmental hazards | need to better justify not requiring
that may impact room cooling when HPCl is
multiple systems or credited beyond six hours in the
redundant components | sequence modeling. Room cooling
in the same system. requirements for HPCl and RCIC
operation beyond six hours were
incorporated as part of the 2008
update.
HR-G4 Base the time Addressed as part of the 2008 No Impact

available to complete
actions on appropriate
thermal/hydraulic
analysis.

update. The finding identified that
the time available determination for
the failure to depressurize HEP
may have been non-conservative.

The HEP analysis was totally
redone as part of the 2008 update
with conversion of the HEPs to the
EPRI HRA calculator. Several
refinements were made to
establish the basis for the times
available including the action in
question for this specific finding.
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TABLE 4-3
IMPACT OF SIGNIFICANT PRA PEER REVIEW FINDINGS FOR THE LIMERICK PRA
MODEL
SR(S) ISSUE DESCRIPTION IMPACT ON BASE MODEL IMPACT ON APPLICATION
HR-H3 Account for any Very limited impact. A finding Minimal impact as human
dependency between suggested that an alternative error dependencies are
the HFE for operator method could be employed to addressed in the PRA model
recovery and any other | handle human error dependencies | used for this application.
HFEs. across system boundaries. This finding is better
The approach used in the Limerick | characterizedasa
model does account for suggestion of a potential
dependencies across system alternate means of
boundaries in an appropriate addressmg.human error
fashion and utilizes a standard dependencies.
approach to do so. All of the HFE
dependency examples provided in
the finding are already included in
the Limerick model, and
restructuring the current analysis to
the suggested approach is judged
to have a minimal impact on the
overall CDF and LEREF results, and
as such would not significantly
impact the results of the base
model assessment or applications.
DA-B1 Group components Very limited impact. A finding Minimal impact as the

according to their type
and according to the
characteristics of their
usage.

noted that better justification could
be provided to support the fact that
usage characteristics were
included in the component
grouping.

The updated data analysis utilizes
groupings consistent with the
available data including the
recently implemented generic data
from NUREG/CR-6928. Full
compliance with this finding is
judged to be a documentation
issue, and as such would not
significantly impact the results of
the base model assessment or in
applications.

current data values provide
a reasonable representation
of the best estimate
reliability response for the
plant
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TABLE 4-3
IMPACT OF SIGNIFICANT PRA PEER REVIEW FINDINGS FOR THE LIMERICK PRA
MODEL
SR(S) ISSUE DESCRIPTION IMPACT ON BASE MODEL IMPACT ON APPLICATION
DA-B2 Do not include outliers | Very limited impact. A finding Minimal impact as the
in the definition of a noted that there was no specific current data values provide
group. discussion of how outliers (if any) a reasonable representation
were treated. of the best estimate
A formal analysis to find outliers reliability response for the
was not performed, but this is plant
mostly expected to be a
documentation issue, and in any
event will not have a substantial
impact on the CDF and LERF
results. As such, fully addressing
this finding would not significantly
impact the results of the base
model assessment or in
applications.
DA-C10 Count only completed | No impact. This was performed for | No Impact
tests or unplanned some systems, but not all.
operational demands However, it is also judged to not be
as success for totally necessary since the failure
component operation. and demand data includes actual
plant experiential data over the last
several years for the Maintenance
Rule risk significant systems.
DA-C12 Evaluate the duration No impact. This is judged to not No Impact
of the actual time that | be necessary since the total
the equipment was unavailability data includes actual
unavailable for each plant test and maintenance
contributing activity experiential data over the last
and interview several years for the Maintenance
maintenance and Rule risk significant systems.
operations staff to
generate estimates of
ranges in the
unavailable time.
DA-C14 Identify instances of Addressed as part of the 2008 No Impact

plant-specific or
applicable industry
experience for each
repair term included in
the model.

update. A finding indicated that
the referenced sources for the
repair terms in the Limerick PRA
model were dated. Credit for
diesel and pump repair was
removed from the Level 1 model
as part of the 2008 update.
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TABLE 4-3
IMPACT OF SIGNIFICANT PRA PEER REVIEW FINDINGS FOR THE LIMERICK PRA
MODEL
SR(S) ISSUE DESCRIPTION IMPACT ON BASE MODEL IMPACT ON APPLICATION
IF-C2a For each flood zone Very limited impact. No automatic | No Impact
and flood source, actions were identified as being
include in the credited for flood termination or
documentation the mitigation. Operator actions that
specific automatic or are credited with terminating or
operator actions that mitigating a flooding event are
could be taken to generally described but could
isolate each flood benefit from more detailed
event. reference to specific valve
numbers, etc.
QU-A4 Include recovery Addressed as part of the 2008 No Impact
actions in the update. A finding identified the
quantification process | same issues that are covered in
in applicable the F&Os associated with AS-A5
sequences and cut (for FW/PCS recovery), and in D-
sets. C14 (for the repair terms used in
the model). As noted above, both
of these issues have been
addressed.
QU-D1c Review results to Addressed as part of the 2008 No Impact
determine that the flag | update. A finding identified that a
event settings, non-minimal cutset appeared in the
mutually exclusive LERF cutsets.
event rules, and Changes to the 2008 model
recovery rules yield ensured that the non-minimal
logical results. LERF cutset no longer appears in
the results.
LE-C9a Justify any credit taken | Addressed as part of the 2008 No Impact

for equipment
survivability or human
action that could be
impacted by
containment failure.

update. A finding identified that
the treatment of vapor suppression
failure cases may need to be re-
evaluated. These cases (i.e.
accident class 3D) are now
assumed to lead directly to a LERF
endstate.
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4.7 GENERAL CONCLUSION REGARDING PRA CAPABILITY

The LGS PRA maintenance and update processes and technical capability evaluations
provide a robust basis for concluding that the PRA is suitable for use in risk-informed
licensing actions, specifically in support of the requested extended AOT for the
RHRSW/SPC system.

Previously identified gaps to specific requirements in the ASME PRA Standard have
been reviewed to determine which gaps might merit application-specific sensitivity
studies in the presentation of the application results. No gaps were identified as
needing specific sensitivity studies for this RHRSW/SPC AOT extension request.
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5.0 SUMMARY AND CONCLUSIONS

5.1 SCOPE INVESTIGATED

This analysis evaluates the acceptability, from a risk perspective, of a change to the
LGS TS for the RHRSW/SPC system to increase the AOT from 72 hours to 7 days
when one RHRSW loop is inoperable.

The analysis examines a range of risk contributors as shown in Table 5-1.

TABLE 5-1

SUMMARY OF RISK INSIGHTS FOR RHRSW/SPC AOT EXTENSION

RISK CONTRIBUTOR

APPROACH

INSIGHTS

Internal Events

Quantify ICCDP & ICLERP for
planned configuration

e [CCDP<1E-6
e |[CLERP <1E-7

Evaluate ACDF and ALERF
assuming one entry per year into
extended AOT

e ACDF < 1E-6/yr
e ALERF <1E-6/yr

Base risk within acceptance
guidelines

Compensatory measures
keep risk well within the
acceptance guidelines

The FPIE assessment is
judged to adequately
capture risk contributors
associated with low power
plant operation.

Internal Fire Qualitatively and quantitatively Internal events
evaluated: compensatory measures
e Identify fire scenarios apply to fire scenarios
impacted by New fire-related
configuration compensatory measures
e Estimate fire risk impacts identified
due to configuration and Quantitative guidelines for
quantify delta-CDF normal work controls
e Identify compensatory challenged, but acceptable
measures with risk management
actions implemented.
Seismic Perform a bounding assessment Seismic risk impacts

factoring in insights from the LGS
FPIE PRA model and site
specific seismic hazard curves.

negligible

Other External Hazards

Qualitatively evaluate each
hazard based on the LGS IPEEE
and a re-examination for the
specific configuration with one
RHRSW loop inoperable.

Other External Event risks
were found to be negligible
contributors
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TABLE 5-1
SUMMARY OF RISK INSIGHTS FOR RHRSW/SPC AOT EXTENSION
RISK CONTRIBUTOR APPROACH INSIGHTS
Overall At-Power Risks Quantify ICCDP & ICLERP for e Quantitative guidelines for
planned configuration with normal work controls
normal work controls challenged, but acceptable
e ICCDP < 1E-6 with risk management

e ICLERP < 1E-7 actions implemented.

If exceeded compare to
acceptance guidelines with risk
management actions
implemented to reduce sources
of risk

e ICCDP<1E-5

e ICLERP < 1E-6
Evaluate ACDF and ALERF
assuming one entry per year into
extended AOT

e ACDF < 1E-6/yr

o ALERF < 1E-6/yr

5.2 PRA QUALITY

The PRA quality has been assessed and determined to be adequate for this risk
application, as follows:

Scope - The LGS PRA modeling is highly detailed, including a wide variety of
initiating events, modeled systems, operator actions, and common cause
events. The PRA has the necessary scope to appropriately assess the
pertinent risk contributors.

Fidelity — The LGS PRA model (LG108A and LG208A) is the most recent
evaluation of the risk profile at LGS for FPIE challenges. The PRA reflects
the as-built, as-operated plant.

Standards — The PRA has been reviewed against the ASME PRA Standard
and the PRA elements are shown to have the necessary attributes to assess
risk for this application.

Peer Review - The PRA has received a peer review. Based on addressing
the peer review results and subsequent gap analyses to the current
standards, the PRA is found to have the necessary attributes to assess risk
for this application.

Appropriate Quality — The PRA quality is found to be commensurate with that
needed to assess risk for this application.
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5.3 QUANTITATIVE RESULTS VS. ACCEPTANCE GUIDELINES

As shown in Tables 3.4-1 for Unit 1 and 3.4-2 for Unit 2, this analysis demonstrates with
reasonable assurance that the proposed TS change is within the current risk
acceptance guidelines (i.e. in Region Ill or barely in Region Il) in RG 1.174 and not
substantially above the acceptance guidelines in RG 1.177 for permanent changes.
This combined with effective compensatory measures to maintain lower risk ensures
that the TS change meets the intent of the ICCDP and ICLERP acceptance guidelines
of 1.0E-05 and 1.0E-06 established for compatibility with the ICDP and ILERP limits of
Section 11 in NUMARC 93-01, which is applicable for voluntary maintenance activities
requiring risk management actions.

5.4 CONCLUSIONS

This analysis demonstrates the acceptability, from a risk perspective, of a change to the
LGS TS for the RHRSW/SPC system to increase the AOT from 72 hours to 7 days
when one RHRSW loop is inoperable.

A PRA technical adequacy evaluation was also performed consistent with the
requirements of ASME PRA Standard, Addendum B and RG 1.200, Revision 1. This
included a process to identify potential key sources of model uncertainty and related
assumptions associated with this application. This resulted in the identification of issues
that could both decrease and increase the calculated risk metrics. None of these
identified sources of uncertainty were significant enough to change the conclusions from
the risk assessment results presented here.

However, the assessment of risk from internal events and internal fires did help to
identify the following actions as important compensatory measures that will help to
reduce the overall risk during the performance of the extended AOT:

e Shift briefs will be performed to reinforce other potentially important operator
actions associated with the performance of the extended AOT (i.e., operator
actions to refill the condensate storage tank (CST), operator actions to vent
containment, operator actions to maximize control rod drive (CRD) injection to
the vessel, and operator actions to support continued use of feedwater and
condensate post-trip as necessary and if available). Additionally, during the ‘A’
RHRSW subsystem outage, a shift brief on alternate remote shutdown
operations will be performed since some of the normally operated equipment
from the remote shutdown panel will not be available.

e Proper standby alignment of the opposite RHRSW subsystem should be ensured
prior to entry into the AOT as this would reduce the contribution from potential
pre-initiator errors.
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Besides the protected opposite RHRSW subsystems and ESW loop, elective
maintenance should be avoided and other protective measures should be
maintained on all RHR subsystems and EDGs that provide partial support to the
protected RHRSW subsystem.

Activities that adversely affect risk exposure will be prohibited in the LGS 500kV
and 220kV electrical switchyards to minimize the possibility of an induced LOOP
and loss of power to protected equipment during the period of reliance on the
extended AOTs. Operational Risk Activities will be restricted during the extended
AOTs. Station Vice-President approval will be required to perform emergent
operational risk activities during the period of reliance on the extended AOTSs.

The extended weather forecast will be examined to ensure severe weather
conditions are not predicted prior to entry into the AOT. In the event of an
unforeseen severe weather condition due to rapidly changing conditions, such as
severe high winds, a briefing with crew operators will be performed to reinforce
operator actions and responses in the event of a loss of offsite power (E-10/20).

Shift briefs and pre-job walkdowns to reduce and manage transient combustibles
prior to entrance into the extended AOT will be used to alert the staff about the
increased sensitivity to fires in the following areas during the extended RHRSW
outage windows. Additionally, any hot work activities in the following areas will
be prohibited during the time within the extended RHRSW AOT.

For the ‘A’ RHRSW subsystem outage window:

Unit 1
e Fire Area 15, Unit 1 Division 2 (D12) safeguard 4kV switchgear room
¢ Fire Area 24, Main Control Room
e Fire Area 25, Auxiliary Equipment Room

Unit 2
e Fire Area 17, Unit 2 Division 2 (D22) safeguard 4kV switchgear room
e Fire Area 24, Main Control Room
e Fire Area 25, Auxiliary Equipment Room

For the ‘B’ RHRSW subsystem outage window:

Unit 1
e Fire Area 13, Unit 1 Division 1 (D11) safeguard 4kV switchgear room
e Fire Area 24, Main Control Room
¢ Fire Area 25, Auxiliary Equipment Room
e Fire Area 26, Remote Shutdown Panel
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Unit 2
e Fire Area 19, Unit 2 Division 1 (D21) safeguard 4kV switchgear room
¢ Fire Area 24, Main Control Room
¢ Fire Area 25, Auxiliary Equipment Room
e Fire Area 26, Remote Shutdown Panel
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Appendix A
External Events Assessment

A1 RISK CHARACTERIZATION OF RHRSW SYSTEM FUNCTIONS

The determination of the scope of external events to consider has been made starting
from an understanding of the role that the affected equipment, e.g., RHRSW Loops,
have in the plant risk profile. This understanding was gleaned from a review of the
internal events and internal floods PRA results involving the RHRSW Loops and allows
a risk characterization of each of RHRSW Loop.

The RHRSW system at Limerick performs a few functions including containment heat
removal (via suppression pool cooling, drywell/wetwell spray, or shutdown cooling) and
also provides a means to provide ultimate cooling in the form of alternate injection to the
RPV in the extremely unlikely situation where all normal ECCS injection capabilities are
lost. Unit 1 ultimate cooling is provided through RHR Loop B whereas Unit 2 ultimate
cooling is provided through RHR Loop A. A review of the internal events and internal
floods PRA results indicates that the most important PRA function is containment heat
removal with alternate RPV makeup also contributing to a lesser degree.

As shown in Table A-1, for Unit 1 Loop A out of service loss of containment heat
removal contributes approximately 72% to the increase in core damage. Sequences
with loss of injection (mostly due to the indirect effects of loss of SPC and other failures)
contribute approximately 27% to the increase in core damage. For Loop B out of
service, these functions contribute approximately 67% and 32% of the increase in core
damage, respectively. The reason that the B Loop has a slightly higher contribution
from RPV makeup is that the RHRSW makeup line connects on the B Loop. Thus, the
removal of the B Loop from service also prevents RHRSW from being used as an
alternate RPV makeup source.

The Unit 2 results shown in Table A-2 show a similar trend but with the A Loop out of
service resulting in slightly more of a contribution from loss of inventory sequences
since the removal of the A Loop from service also prevents RHRSW from being used as
an alternate RPV makeup source in Unit 2. For Loop A out of service, loss of
containment heat removal contributes 69% and loss of inventory contributes 30%. For
Loop B out of service, these functions contribute approximately 71% and 29% of the
increase in core damage, respectively.
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Table A-1
Unit 1 Risk Contribution by Functional Sequence

A Loop O0S B Loop O0S
ACDF Frac. ACDF Frac.

Sequences Involving Containment Heat Removal 296E-06 | 72.2% | 2.88E-06 | 67.1%

Transient-initiated Sequences Involving Inadequate | 1.11E-06 | 27.1% | 1.35E-06 | 31.5%
RPV Makeup

Functional Sequence Contributor

LOCA-initiated Sequences Involving Inadequate 5.53E-09 0.1% 4.58E-09 0.1%
RPV Makeup
ATWS Sequences 2.19E-08 0.5% 2.23E-08 0.5%
Containment Bypass Sequences n/a n/a 3.02E-08 0.7%
Total ACDF | 4.10E-06 4.29E-06
Table A-2

Unit 2 Risk Contribution by Functional Sequence

A Loop O0S B Loop O0S
ACDF Frac. ACDF Frac.

Sequences Involving Containment Heat Removal 2.85E-06 | 68.7% | 3.03E-06 | 70.7%

Transient-initiated Sequences Involving Inadequate | 1.24E-06 | 30.0% | 1.22E-06 | 28.6%
RPV Makeup

Functional Sequence Contributor

LOCA-initiated Sequences Involving Inadequate 4.62E-09 0.1% 5.48E-09 0.1%

RPV Makeup

ATWS Sequences 2.19E-08 0.5% 2.23E-08 0.5%

Containment Bypass Sequences 3.02E-08 0.7% n/a n/a
Total ACDF | 4.15E-06 4.28E-06

The second aspect of the RHRSW loop risk characterization that can be taken from the
internal events model is the type of initiating event(s) that contribute to the CDF
increase associated with each RHRSW loop being out of service. As shown in Table
A-3 for Unit 1, the largest contribution comes from loss of offsite power events, followed
by transient events. The Unit 2 results are similar as shown in Table A-4.
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Table A-3
Unit 1 Risk Contribution by Initiator Type
. A Loop O0OS B Loop O0S
Initiator Type

ACDF Frac. ACDF Frac.
Loss of Offsite Power 2.12E-06 52% 2.08E-06 49%
Transients 9.51E-07 23% 9.92E-07 23%
Internal Flood 6.07E-07 15% 4.25E-07 10%
Loss of Support System 3.13E-07 8% 6.52E-07 15%
LOCA 1.06E-07 2% 1.36E-07 3%

Total ACDF | 4.10E-06 4.29E-06
Table A-4
Unit 2 Risk Contribution by Initiator Type
. A Loop O0OS B Loop O0S
Initiator Type

ACDF Frac. ACDF Frac.
Loss of Offsite Power 2.04E-06 49% 2.19E-06 51%
Transients 9.66E-07 23% 9.79E-07 23%
Internal Flood 6.61E-07 16% 4.12E-07 10%
Loss of Support System 3.39E-07 8% 5.97E-07 14%
LOCA 1.37E-07 3% 1.01E-07 2%

Total ACDF | 4.15E-06 4.28E-06

These insights indicate the following when considering the scope of the PRA required to

assess the risk significance of the RHRSW Loop AOT:

Both the functions of Containment Heat Removal and RPV Makeup are

relevant to the risk significance of the RHRSW Loops.

LOOP, Transient, and other initiators all have the potential to create a

demand for the RHRSW Loops
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A2 ASSESSMENT OF RELEVANT HAZARD GROUPS

The purpose of this portion of the assessment is to screen the spectrum of external
event challenges to determine which external event hazards should be explicitly
addressed as part of the LGS RHRSW/SPC System AOT extension risk assessment.
In addition to internal fires and seismic events, the Limerick IPEEE [Ref. A-1] evaluated
high winds and tornadoes, external floods, and transportation and nearby facility
accidents. The design of the LGS plant facilities meets the NRC’s 1975 Standard
Review Plan criteria for each of the other external events evaluated. No significant
quantitative contribution from these external events was identified by the IPEEE
evaluations. As such, the compensatory actions and risk insights in this LAR are also
judged applicable to qualitatively reduce the risk associated with these events.

Additionally, with an understanding of the role that the RHRSW system plays in
mitigating risk a confirmatory assessment of the relevant hazard groups can be
completed. Section 6.3.3 of NUREG-1855 [Ref. A-2] provides a list of hazard groups
that should be considered in a risk assessment. Table A-5 summarizes how those
hazard groups were dispositioned for Limerick. The majority of the hazard groups were
screened from consideration based on a review of the information provided in the
Limerick IPEEE, using the screening approaches discussed in Section 6 of NUREG-
1855.

Table A-5
HAZARD GROUPS CONSIDERED IN THE RISK ASSESSMENT
Approach Hazard Group Basis
Addressed quantitatively | Internal Events Plant-specific PRA reflecting the as-built, as-
Internal Floods operated plant is used to quantitatively
estimate the risk impacts.

Addressed quantitatively | Internal Fires Plant-specific PRA utilized to quantitatively
and qualitatively estimate the risk impacts. However, the use of

this model is subject to limitations and
precautions as described below. More
importantly then, it was utilized to identify
important fire areas for consideration of
potential compensatory measures.

Addressed using a Seismic Events Using a simplified conservative analysis, the

conservative approach contribution of seismic risk to total risk can be
shown to be minimal.

Screened from Accidental Aircraft Impacts | Removal of an RHRSW Loop may decrease

consideration based on reliability of heat removal function, but per the

likelihood of threat- IPEEE, the frequency of damage from

induced challenge accidental aircraft impacts is very small

compared to other events already considered
(e.g., non-recoverable LOOP)
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Table A-5
HAZARD GROUPS CONSIDERED IN THE RISK ASSESSMENT

Approach

Hazard Group

Basis

External Floods

From the Limerick IPEEE, external floods were
screened as a significant contributor per
NUREG-1407. Additionally, external floods
would be a slow developing event which would
allow restoration of out of service RHRSW
Loops prior to presenting a significant
challenge.

Extreme Winds and
Tornados (including
generated missiles)

From the Limerick IPEEE, high winds and
tornadoes (including generated missiles) were
screened as a significant contributor per
NUREG-1407. The plant is designed for
extreme winds and tornadoes. Removal of an
RHRSW Loop may decrease reliability of heat
removal function, but the frequency of
wind/tornado-induced damage is very small
compared to other events with similar
consequences already considered (e.g., non-
recoverable LOOP)

Turbine-Generated
Missiles

Removal of an RHRSW Loop may decrease
reliability of heat removal function, but the
frequency of turbine-generated missile-induced
damage is very small compared to other events
already considered with a similar consequence
(e.g., Loss of Condenser)

External Fires

External fires were screened for consideration
in the IPEEE since the site is cleared of
forestry and external fires are unlikely to
spread onsite. Additionally, the plant structures
are designed for the effects of external fires
(i.e., safety related structures are reinforced
concrete). Removal of an RHRSW Loop may
decrease reliability of heat removal function,
but the frequency of an external fire-induced
challenge is very small compared to other
events already considered (e.g., non-
recoverable LOOP)

Screened from
consideration based on
limited role of RHRSW
in mitigating hazards.

Accidents From Nearby
Facilities

RHRSW is not a significant system in
mitigating accidents from nearby facilities. The
potential increase in risk impact is dominated
by potential effects of toxic gases on operators.
Operators are trained and periodically tested
on their ability to put on a breathing apparatus
after initiation of a toxic chemical alarm. If they
succeed, there is no impact on the plant, and
no need to employ RHRSW.
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Table A-5
HAZARD GROUPS CONSIDERED IN THE RISK ASSESSMENT
Approach Hazard Group Basis
Release of Chemicals RHRSW is not a significant system in
Stored at the Site mitigating chemical releases. The potential

increase in risk impact is dominated by
potential effects of toxic gases on operators.
Operators are trained and periodically tested
on their ability to put on a breathing apparatus
after initiation of a toxic chemical alarm. [f they
succeed, there is no impact on the plant, and
no need to employ RHRSW.

Transportation Accidents RHRSW is not a significant system in
mitigating transportation accidents that lead to
chemical releases. The potential increase in
risk impact is dominated by potential effects of
toxic gases on operators. Operators are trained
and periodically tested on their ability to put on
a breathing apparatus after initiation of a toxic
chemical alarm. If they succeed, there is no
impact on the plant, and no need to employ

RHRSW.
Explosive hazards Transportation Accidents RHRSW is not a significant system in
screened on the basis of | pjpeline Accidents (e.g., mitigating explosive hazards from
limited impact on the natural gas) transportation accidents or pipeline accidents.
plant. Per the IPEEE, a gas-air mixture 4 times the

requirements of Reg. Guide 1.91 (Rev. 1) is
conservatively used to develop the explosive
pressure for structural assessment.

The at-power PRA models used for this analysis therefore include:

e internal events,
¢ internal floods, and

e internal fires.

In addition, the seismic hazard group will be addressed quantitatively with a
conservative analysis as discussed in Section A.4. The other hazard groups were
demonstrated not to be relevant based on a screening analysis as shown above. The
at-power ACDF and ALEREF for this application are such that the results lie in Region Il
of the RG 1.174 acceptance guidelines (or just barely into Region Il - see section 3.4),
and therefore, it is unnecessary to evaluate the low-power and shutdown contribution to
the base CDF and LERF (i.e. since there is sufficient margin within Region Il, a LPSD
base CDF of more than 8E-5/yr would need to be obtained to move into Region | and
this magnitude of annualized LPSD risk is unreasonable for BWRs with a history of very
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short duration outages). Furthermore, the change being proposed involves moving
unavailability of the RHRSW loops from shutdown to power conditions. Because a
detailed low power and shutdown PRA model has not been developed for this plant, the
analysis will conservatively omit this risk reduction, which could be used under RG
1.174 to offset the increase in at power risk in the ACDF and ALERF calculations.

Conclusions of Screening Assessment

Given the foregoing discussions, most of the external hazards are assessed to be
negligible contributors to plant risk. Explicit treatment of these other external hazards is
not necessary for most PRA applications (including the RHRSW/SPC System AOT
extension risk assessment) and would not provide additional risk-informed insights for
decision making.

Further information is presented in this appendix, however, to assess the risk
associated with the internal fires and seismic hazard groups.
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A3 INTERNAL FIRES ASSESSMENT

This internal fire assessment is based on the LGS Interim Fire PRA (FPRA) model
developed in 2007 and 2008.

A.3.1 LGS Interim Fire PRA

An update of the Fire IPEEE for Limerick Generating Station (LGS) was completed in
2002. The primary objective of the update effort was to develop an analysis with
supporting documentation and tools that will facilitate maintenance and will provide
guidance for future applications of the fire risk analysis, including Significance
Determination Process (SDP), and other licensing applications. Early in 2007, explicit
analyses of the Main Control Room and Auxiliary Equipment Room were performed, the
analyses for Turbine Building compartments were refined and the Fire PRA was re-
quantified using the 2004C model. Later in 2007, the plant partitioning and fire ignition
frequency development tasks were revisited, and completed in accordance with
NUREG/CR 6850. During that effort, cable data was collected for the CRD system,
allowing its explicit treatment in the analysis. The revised ignition frequencies and CRD
treatment were incorporated into the Fire PRA and the model was re-quantified.

The scope of the analysis includes both units of LGS and involved a general update and
upgrading of the analysis to reflect the as-built plant. In 2007, the Main Control Room
(Fire Area 24) and Auxiliary Equipment Room (Fire Area 25) analyses were completed
and the scenarios for these compartments were integrated into the fire PRA results. The
fire PRA methodology and results were reviewed by the Corporate Fire Protection
Program Manager. These reviews added valuable site-specific insights which were
incorporated into the analysis via a series of comment resolution cycles.

The task of updating the Limerick Fire Risk Assessment had the potential to involve
significant effort. To avoid excessive expenditure of resources, a graded approach was
applied. This graded approach applied analysis refinements to only those situations
that were identified as potentially risk significant. This approach has the benefit of
focusing resources on only those elements of the analysis that have a material impact
on analysis results and conclusions. However, the consequence of having taken such
an approach is the imbedding of conservatism throughout the analysis. The cumulative
effect of this is not specifically known, but has resulted in the skewing of the total
reported plant CDF towards the upper bound. This is contrasted with the internal events
plant PRA which provides a best estimate (mean) CDF.

The specific areas of conservatism include:
1. Automatic Suppression and Detection: Available automatic fire

suppression systems, as well as detection and subsequent fire brigade
response is not credited in all instances where available. Credit for
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suppression and detection is included only if the area would have
otherwise been a dominant risk contributor.

Operator Recovery Actions: The operator recovery actions credited in the
analysis are based on those included in the plant PRA model. Additional
available recovery actions developed as part of the 10CFR50.48
compliance strategy have not been credited in the analysis unless
specifically noted.

Spurious Actuations: The potential consequences of a postulated fire
event include spurious actuation of valves. The conditional probability of
such an occurrence given cable damage is not unity. However, credit for
this conditional probability is applied only to those compartments that
otherwise would have been a dominant risk contributor.

PCS: The analysis did not include detailed treatment for PCS (Feedwater
and Condenser). Instead, PCS was conservatively disabled for all fire
scenarios where qualitative assessments could not develop reasonable
confidence that they would remain available. Service Water and
Instrument Air are treated as part of PCS.

Cable Failure Consequences: Detailed cable functional failure reviews
were not performed. Instead, the logical linkage of cables and equipment
from the fire protection safe shutdown analysis was taken as input for the
fire risk assessment. An exception occurs in those instances where the
safe shutdown analysis explicitly addresses the issue.

In summary, the current LGS FPRA [Ref. A-3] is an interim implementation of
NUREG/CR-6850; that is, not all tasks identified in NUREG/CR-6850 are yet completely
addressed or implemented due to the changing state-of-the-art of industry at the time of
the 2007-2008 LGS FPRA development. NUREG/CR-6850 task limitations and other
precautions regarding the FPRA upgrade for LGS are as follows:

1.

Multiple Spurious Operation (MSO) Review (NUREG/CR-6850 Task 2) -
At the time of the LGS FPRA the BWR Owners’ Group was developing a
generic list of MSOs to be considered. No expert panel was used to
identify specific MSO scenarios not already inherently addressed in the
PRA. At future updates the BRWOG list should be reviewed, an expert
panel should convene, and the results of each incorporated as necessary.

Instrumentation Review (NUREG/CR-6850 Task 2) - The new
requirements of NUREG/CR-6850 regarding the explicit identification and
modeling of instrumentation required to support PRA credited operator
actions is not addressed. The industry treatment for this task is still being
developed.
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The Balance of Plant (NUREG/CR-6850 Task 2) - The BOP is not fully
treated. BOP support system failure is conservatively assumed in most
areas. Additional modeling could be conducted to reduce the fire CDF
due to this assumption if time and funding is available in future updates.

Large Early Release Frequency (LERF) (NUREG/CR-6850 Task 2) -
LERF is not considered. LERF is expected to be addressed in future
updates.

Limited Analysis Iterations (NUREG/CR-6850 Task 9-12) - The process of
conducting a FPRA is iterative, identifying conservative assumptions and
high risk compartments and performing analyses to refine the
assumptions and reduce those compartment risks. The ability to conduct
iterations is limited based on resources. The scenarios developed for the
LGS FPRA may benefit from further refinement as necessary for
application or for future updates.

Multi-Compartment Review (NUREG/CR-6850 Task 11) - This subtask
reviews the fire analysis compartment boundaries to ensure they are
sufficiently robust to prevent the spread of fire between FPRA analysis
compartments or that such propagations are adequately addressed by the
developed scenarios. The design and plant layout of LGS make fire
propagation to multiple compartments unlikely compared to the fire risk in
individual compartments. Therefore, an explicit multi-compartment review
was not performed.

Seismic Fire Interactions (NUREG/CR-6850 Task 13) - This task reviews
previous assessments to identify any specific interaction between
suppression system and credited components or adverse impact of fire
protection system interactions that should be accounted for in the FPRA.
This has not been performed to support this FPRA.

Uncertainty and Sensitivity Analysis (NUREG/CR-6850 Task 15) - This
task explores the impacts of possible variation of input parameters used in
the development of the model and the inputs to the analysis on the FPRA
results. This task is not currently addressed because the industry is still
developing an appropriate methodology.

Some limitations of these items are:

Item 1(MSO), represents a source of additional fire CDF contribution (i.e.,
if the BWROG MSO list includes MSOs not addressed in the current
version).

Item 2 (Instrumentation Review) represents a potential additional fire CDF
contribution that cannot be estimated at this time since the methodology is
not established.
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Items 3 (BOP) and 8 (Uncertainty) are potential sources of conservatism
in the results.

e |tem 4 (LERF) is a future scope issue not affecting the fire CDF model.

e |tems 5 (lterations) and 6 (Multi-compartment) represent modeling
assumptions that should be reviewed with each FPRA application to
determine their applicability and/or potential impact on the decision.

e |tem 7 (Seismic) is a FPRA application completeness issue for which the
methodology is not yet established.

Given all of the above, the LGS FPRA model is judged to provide a meaningful
representation of fire CDF contributors, and is appropriate for use in risk-informed
decision-making, to the extent that these limitations are recognized and addressed in
each application, as appropriate. The model is, however, “interim” due to the stated
limitations.

A.3.2 Fire Risk Analysis Results for the RHRSW AOT Extension

One change was made to the base Fire PRA model results before running the cases for
the RHRSW extended AOT configurations. This was done to address a known
shortcoming in the model for those fire scenarios that were assigned to a Large LOCA
scenario as a surrogate for spurious ADS scenarios. That is, for the fire PRA model
only, the fraction of Large LOCAs below TAF was set to 0.0 since spurious ADS
scenarios would be above TAF. With that change made, the following base case
results are obtained for each of the unit models. These represent a reduction of only a
few percent compared to the documented LGS Fire PRA [Ref. A-3], but represent a
change that should be addressed before using the model in applications.

e Unit 1 Base Case Fire CDF = 1.30E-5
e Unit 2 Base Case Fire CDF = 1.43E-5

The fire risk analysis cases were then run in the same fashion as the internal events
analysis cases. That is, the basic event changes for the equipment configuration during
the extended AOT are as shown in Table 1-3 for the RHRSW Loop A outage and in
Table 1-4 for the RHRSW Loop B outage. A few changes to the quantification results
were then applied to account for some of the unique configuration insights associated
with some of the unlikely fire scenario cases. These changes are listed below.

e The analysis for a severe fire in Area 25 (Auxiliary Equipment Room) assumes
that the fire would be such that shutdown would be required with local actions
outside of the control room. In the base fire PRA model, a screening CCDP of
0.1 is assigned for these actions. For this assessment, the screening CCDP
value (SCREENCCDP) was replaced with CCDP-25A=0.6 for the IEFR-025-A
initiator. This was done to account for the possibility that the Auxiliary Equipment
Room cable fire included opposite RHRSW train equipment, with a probability of
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0.5 for each train, and to account for the original assigned screening CCDP of
0.1 used for the scenarios requiring shutdown with local operator actions outside
of the control room.

e The analysis for a severe fire in Area 26 (Remote Shutdown Room) assumes
that shutdown would be required with local actions outside of the control room
with ‘B’ train equipment (since the ‘A’ train equipment would be damaged by a
severe fire in this area). In the base fire PRA model, a screening CCDP of 0.1 is
assigned for these actions. For this assessment, the screening CCDP
(SCREENCCDP) was replaced with CCDP-26C-A=0.1 for the IEFR-026-C
initiator for the RHRSW loop A case. The same screening CCDP value is utilized
since the ‘A’ loop unavailability would not have an impact on the original
screening CCDP of 0.1 used for the severe fire in the remote shutdown room
scenario requiring shutdown with local operator actions with B train equipment.

e Correspondingly, however, SCREENCCDP was replaced with CCDP-26C-B=1.0
for the IEFR-026-C initiator for the RHRSW Loop B case. This was done to
account for the fact that the original screening CCDP of 0.1 used for the severe
fire in the remote shutdown room scenario requiring shutdown with local operator
actions outside of the control room with B train equipment is likely to not be able
to be performed when the RHRSW Loop B equipment is unavailable.

The fire PRA results are presented for the change in fire CDF from the base case in
terms of dominant fire scenarios. Table A-6 shows the Unit 1 RHRSW A Loop AFCDF
case results and Table A-7 shows the Unit 1 RHRSW B Loop AFCDF case results.
Results for Unit 2 are presented in Tables A-8 and A-9.
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Table A-6
SIGNIFICANT FIRE SCENARIO CONTRIBUTORS FOR THE UNIT 1
INTERNAL FIRE EVALUATIONS (RHRSW “A” LOOP CASE)

Figure of Merit RHRSW “A” Loop Case
FCDF, 3.99E-05/yr
AFCDF = FCDFp - FCDFgase 2.69E-05/yr
Percent Contribution to AFCDF

IEFR-025-A (Auxiliary Equipment Room Cable Fire Fails B Train

Equipment) 30.9%
IEFR-094-A (Unit 1 RFP Turbine Fire) 10.5%
IEFR-039-0 (Sump Room and Passageway) 6.4%
IEFR-015-B/C (Unit 1 Division Il 4kV Switchgear) 5.5%
IEFR-031-0 (RHR 1B, 1D Compartment) 5.0%
IEFR-123-0 (Spray Pond Pump Structure — B Half) 4.8%
IEFR-024-V012 (Main Control Room — Unit 1 ECCS B Panel) 4.1%
OTHER FIRE SCENARIOS 32.8%

Table A-7

SIGNIFICANT FIRE SCENARIO CONTRIBUTORS FOR THE UNIT 1
INTERNAL FIRE EVALUATIONS (RHRSW “B” LOOP CASE)

Figure of Merit RHRSW “B” Loop Case
FCDFg 8.11E-05/yr
AFCDF = FCDFjg - FCDFgase 6.81E-05/yr
Percent Contribution to AFCDF

IEFR-013-B/C (Unit 1 Division | 4kV Switchgear) 27.9%
IEFR-025-A (Auxiliary Equipment Room Cable Fire Fails A Train

Equipment) 12.5%
IEFR-024-V011 (Main Control Room — Unit 1 ECCS A Panel) 12.0%
IEFR-094-A (Unit 1 RFP Turbine Fire) 7.5%
IEFR-026-C (Remote Shutdown Room Severe Fire) 6.2%
IEFR-025-T001C (AER Unit 1 Division | Termination Cabinets) 4.4%
IEFR-122-0 (Spray Pond Pump Structure — A Half) 21%
OTHER FIRE SCENARIOS 27.4%
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Table A-8
SIGNIFICANT FIRE SCENARIO CONTRIBUTORS FOR THE UNIT 2
INTERNAL FIRE EVALUATIONS (RHRSW “A” LOOP CASE)

Figure of Merit RHRSW “A” Loop Case
FCDF, 4 53E-05/yr
AFCDF = FCDF4 - FCDFgase 3.10E-05/yr
Percent Contribution to AFCDF

IEFR-025-A (Auxiliary Equipment Room Cable Fire Fails B Train

Equipment) 26.6%
IEFR-107-A (Unit 2 RFP Turbine Fire) 15.9%
IEFR-055-0 (RHR 2B, 2D Compartment) 4.7%
IEFR-123-0 (Spray Pond Pump Structure — B Half) 4.2%
IEFR-024-C005 (CRD Console in Main Control Room) 3.9%
IEFR-024-V047 (Main Control Room — Unit 2 ECCS B Panel) 3.6%
IEFR-017-B/C (Unit 2 Division Il 4kV Switchgear) 3.3%
OTHER FIRE SCENARIOS 37.8%

Table A-9

SIGNIFICANT FIRE SCENARIO CONTRIBUTORS FOR THE UNIT 2
INTERNAL FIRE EVALUATIONS (RHRSW “B” LOOP CASE)

Figure of Merit RHRSW “B” Loop Case
FCDFg 7.39E-05/yr
AFCDF = FCDFj5 - FCDFgase 5.96E-05/yr
Percent Contribution to AFCDF

IEFR-019-B/C (Unit 2 Division | 4kV Switchgear) 31.2%
IEFR-025-A (Auxiliary Equipment Room Cable Fire Fails A Train

Equipment) 14.3%
IEFR-024-V046 (Main Control Room — Unit 2 ECCS A Panel) 13.7%
IEFR-026-C (Remote Shutdown Room Severe Fire) 7.1%
IEFR-025-T007C (AER Unit 2 Division | Termination Cabinets) 5.0%
IEFR-107-A (Unit 2 RFP Turbine Fire) 4.9%
IEFR-122-0 (Spray Pond Pump Structure — A Half) 2.4%
OTHER FIRE SCENARIOS 21.4%
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Based on a review of the results presented in Tables A-6 through A-9, it can be noted
that scenario contributors typically involve fires that disable the available RHRSW loop
in some manner, e.g., fires that fail the remaining RHR or RHRSW loops directly or that
lead to loss of motive power or control power. Dominant scenarios that do not directly
fail the opposite train RHRSW loop (e.g. RFP turbine fire scenarios) typically involve
relatively higher initiating event frequency events with random failures of the opposite
train equipment.

A review of cutsets and importance measures is also performed to help understand the
fire PRA results. As with internal events, the fire PRA results indicate that the loss of
containment heat removal scenarios are the most important contributor to the delta
CDF. The large majority of the top fire cutsets involve loss of decay heat removal
scenarios. These scenarios generally involve long time frames, i.e., >20 hours before
the containment fails and RPV makeup is potentially lost. In these scenarios, the CRD
system becomes very important as it provides a high pressure makeup source that
draws from the CST. Thus, most of the top cutsets involve failures of CRD or failure to
makeup to the CST. Various operator actions appear among the top cutsets and
contributors related to these failures. These results are consistent with the internal
events assessment of important operator actions identified in Appendix B.

It was also identified that fire scenarios that do involve credit for the FW/PCS typically
include cutsets with operator action failures to bypass containment isolation or utilize
instrument air backup to PCIG. However, it should be noted that the importance of
these actions are elevated by the assumption that all fire scenarios with credit for
FW/PCS always require bypass of the containment isolation signal and cross-tie of
instrument air to instrument gas to maintain air supply to inboard MSIVs.

A.3.3 Fire Risk Analysis Insights

Based on the preceding evaluations, fire risk can be a significant contributor. However,
several insights were obtained based on the review of results for the extended AOT
configuration to help identify those operator actions that are of potentially elevated
importance, and those equipment configurations that are of elevated importance.
Based on the evaluation of those insights for potential compensatory measures, any
remaining fire areas that may not be addressed by those measures are identified as
being more susceptible to risk from fire during the extended AOT. These remaining fire
areas would then possibly be subject to more specific fire initiator related compensatory
measures.

Important Operator Actions

During any of the RHRSW Loop outages, the following operator actions were identified
as most important to contributing to the risk increase. These results are consistent with
the internal events assessment of important operator actions identified in Appendix B.
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e Operator actions to refill CST (These actions support continued CRD injection or
long term condensate injection with CST makeup to the hotwell)

e Operator actions to vent containment (Procedural direction to vent containment
per T-200 in loss of containment heat removal scenarios would increase the
likelihood of continued injection capabilities compared to scenarios that proceed
to containment failure)

e Operator actions to maximize CRD injection to the vessel (This would ensure
sufficient injection capabilities exist from the CRD system once loss of SPC
would lead to loss of high pressure injection capabilities from HPCI or RCIC)

Other actions related to maintaining functionality of the MSIVs for scenarios which
credited FW/PCS were also identified as important. However, the importance of these
actions may be skewed by the conservative assumption in the fire PRA model that all
scenarios which credit FW/PCS always require these actions to be successful.

e Operator actions to bypass containment isolation (The EOPs direct the operators
to bypass the PCIG isolation using GP-8. The PCIG system provides motive air
to the inboard MSIVs and the SRVs)

e Operator actions to align instrument air to PCIG (Given failure of the Primary

Containment Instrument Gas (PCIG) system, the loads can carried by the
Instrument Air system if the cross-tie between the systems is opened)

Important Equipment Confiqurations

During any of the RHRSW Loop outages, the following important equipment
configurations were identified as most important. These results are consistent with the
internal events assessment of important equipment configurations identified in Appendix
B.

e Ensuring proper standby alignment of the opposite RHRSW train would reduce
contribution from pre-initiators (JHUMNA,BDMI assume that the RHRSW supply
and return valves are not left in their normally open position following
maintenance, go undetected, and render the system failed when the RHRSW
pumps are started)

e The PRA analysis already includes exclusion of several maintenance
combinations that would not be allowed to be performed during the extended
AOT (opposite train RHRSW pumps and opposite train ESW loop). It was also
noted that avoiding elective maintenance on the RHR trains that support the
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protected RHRSW loop would also reduce the CDF contribution from various
contributors:

= When RHRSW Loop A is unavailable
- Unit 1 RHR Pump B, DPM02BTM
- Unit 1 RHR Pump D, DPM02DTM
- Unit 2 RHR Pump B, DPM02BTM2
- Unit 2 RHR Pump D, DPM02DTM2

= When RHRSW Loop B is unavailable
- Unit 1 RHR Pump A, DPM02ATM
- Unit 1 RHR Pump C DPM02CTM
- Unit 2 RHR Pump A, DPM02ATM2
- Unit 2 RHR Pump C, DPM02ATM2

Review of Compensatory Measure Impacts on Important Fire Areas

Based on a review of results from the fire PRA contributors, the following compensatory
actions are highlighted as important to reduce the risk from fire events during the
performance of the extended AOT.

¢ Heightened awareness should be maintained regarding the important operator
actions associated with the performance of the extended AOT (i.e., operator
actions to refill the CST, operator actions to vent containment per T-200, operator
actions to maximize CRD injection to the vessel per T-240, and operator actions
to support continued use of FW/PCS post-trip as necessary if available).

e Proper standby alignment of the opposite RHRSW train should be ensured prior
to entry into the AOT as this would reduce the contribution from potential pre-
initiator errors.

o Besides the protected opposite RHRSW trains and ESW loop, elective
maintenance should be avoided on all RHR trains that support the protected
RHRSW loop.

With these compensatory measures assumed to be in place, each of the dominant
contributors to the Fire PRA results is then reviewed to assess if they will help in
reducing risk from those fire areas. The results of that assessment are provided in
Table A-10 for the Unit 1 RHRSW Loop A case, Table A-11 for the Unit 1 RHRSW Loop
B case, Table A-12 for the Unit 2 RHRSW Loop A case, and Table A-13 for the Unit 2
RHRSW Loop B case. Additional compensatory measures are also highlighted based
on the results of this initial assessment following the tables.
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Table A-10
ASSESMENT OF INITIAL COMPENSATORY MEASURES ON SIGNIFICANT FIRE
SCENARIO CONTRIBUTORS FOR THE UNIT 1 RHRSW “A” LOOP CASE

Identified Important Fire Scenario

Impact of Initial Compensatory Measures

IEFR-025-A (Auxiliary Equipment Room Cable
Fire Fails B Train Equipment)

Could benefit with further assurance that a fire in
this area would be highly unlikely during the
extended AOT.

IEFR-094-A (Unit 1 RFP Turbine Fire)

Fire risk reduced with assurance of opposite train
RHRSW loop alignment and protection of
equipment in that loop.

IEFR-039-0 (Sump Room and Passageway)

Fire risk reduced with protection of opposite 1B,
1D RHR trains and heightened awareness of
potentially important operator actions.

IEFR-015-B/C (Unit 1 Division Il 4kV Switchgear)

Fire risk reduced with heightened awareness of
potentially important operator actions. Could
benefit with further assurance that a fire in this
area would be highly unlikely during the extended
AOT.

IEFR-031-0 (RHR 1B, 1D Compartment)

Fire risk reduced with protection of opposite 1B,
1D RHR trains and heightened awareness of
potentially important operator actions.

IEFR-123-0 (Spray Pond Pump Structure — B
Half)

Fire risk reduced with protection of opposite train
RHRSW loop and heightened awareness of
potentially important operator actions.

IEFR-024-V012 (Main Control Room — Unit 1
ECCS B Panel)

Fire risk reduced with heightened awareness of
potentially important operator actions. Could
benefit with further assurance that a fire in this
area would be highly unlikely during the extended
AOT.

OTHER FIRE SCENARIOS

Fire risk reduced with identification of protected
equipment and heightened awareness of
potentially important operator actions.
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Table A-11
ASSESMENT OF INITIAL COMPENSATORY MEASURES ON SIGNIFICANT FIRE
SCENARIO CONTRIBUTORS FOR THE UNIT 1 RHRSW “B” LOOP CASE

Identified Important Fire Scenario

Impact of Initial Compensatory Measures

IEFR-013-B/C (Unit 1 Division | 4kV Switchgear)

Fire risk reduced with heightened awareness of
potentially important operator actions. Could
benefit with further assurance that a fire in this
area would be highly unlikely during the extended
AOT.

IEFR-025-A (Auxiliary Equipment Room Cable
Fire Fails A Train Equipment)

Could benefit with further assurance that a fire in
this area would be highly unlikely during the
extended AOT.

IEFR-024-V011 (Main Control Room — Unit 1
ECCS A Panel)

Fire risk reduced with heightened awareness of
potentially important operator actions. Could
benefit with further assurance that a fire in this
area would be highly unlikely during the extended
AOT.

IEFR-094-A (Unit 1 RFP Turbine Fire)

Fire risk reduced with assurance of opposite train
RHRSW loop alignment and protection of
equipment in that loop.

IEFR-026-C (Remote Shutdown Room Severe
Fire)

Could benefit with further assurance that a fire in
this area would be highly unlikely during the
extended AOT.

IEFR-025-T001C (AER Unit 1 Division |
Termination Cabinets)

Fire risk reduced with heightened awareness of
potentially important operator actions. Could
benefit with further assurance that a fire in this
area would be highly unlikely during the extended
AOT.

IEFR-122-0 (Spray Pond Pump Structure — A
Half)

Fire risk reduced with protection of opposite train
RHRSW loop and heightened awareness of
potentially important operator actions.

OTHER FIRE SCENARIOS

Fire risk reduced with identification of protected
equipment and heightened awareness of
potentially important operator actions.
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Table A-12
ASSESMENT OF INITIAL COMPENSATORY MEASURES ON SIGNIFICANT FIRE
SCENARIO CONTRIBUTORS FOR THE UNIT 2 RHRSW “A” LOOP CASE

Identified Important Fire Scenario

Impact of Initial Compensatory Measures

IEFR-025-A (Auxiliary Equipment Room Cable
Fire Fails B Train Equipment)

Could benefit with further assurance that a fire in
this area would be highly unlikely during the
extended AOT.

IEFR-107-A (Unit 2 RFP Turbine Fire)

Fire risk reduced with assurance of opposite train
RHRSW loop alignment and protection of
equipment in that loop.

IEFR-055-0 (RHR 2B, 2D Compartment)

Fire risk reduced with protection of opposite 2B,
2D RHR trains and heightened awareness of
potentially important operator actions.

IEFR-123-0 (Spray Pond Pump Structure — B
Half)

Fire risk reduced with protection of opposite train
RHRSW loop and heightened awareness of
potentially important operator actions.

IEFR-024-C005 (CRD Console in Main Control
Room)

Fire risk reduced with assurance of opposite train
RHRSW loop alignment and protection of
equipment in that loop.

IEFR-024-V047 (Main Control Room — Unit 2
ECCS B Panel)

Fire risk reduced with heightened awareness of
potentially important operator actions. Could
benefit with further assurance that a fire in this
area would be highly unlikely during the extended
AOT.

IEFR-017-B/C (Unit 2 Division Il 4kV Switchgear)

Fire risk reduced with heightened awareness of
potentially important operator actions. Could
benefit with further assurance that a fire in this
area would be highly unlikely during the extended
AOT.

OTHER FIRE SCENARIOS

Fire risk reduced with protection of opposite train
RHRSW loop and heightened awareness of
potentially important operator actions.
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Table A-13
ASSESMENT OF INITIAL COMPENSATORY MEASURES ON SIGNIFICANT FIRE
SCENARIO CONTRIBUTORS FOR THE UNIT 2 RHRSW “B” LOOP CASE

Identified Important Fire Scenario

Impact of Initial Compensatory Measures

IEFR-019-B/C (Unit 2 Division | 4kV Switchgear)

Fire risk reduced with heightened awareness of
potentially important operator actions. Could
benefit with further assurance that a fire in this
area would be highly unlikely during the extended
AOT.

IEFR-025-A (Auxiliary Equipment Room Cable
Fire Fails A Train Equipment)

Could benefit with further assurance that a fire in
this area would be highly unlikely during the
extended AOT.

IEFR-024-V046 (Main Control Room — Unit 2
ECCS A Panel)

Fire risk reduced with heightened awareness of
potentially important operator actions. Could
benefit with further assurance that a fire in this
area would be highly unlikely during the extended
AOT.

IEFR-026-C (Remote Shutdown Room Severe
Fire)

Could benefit with further assurance that a fire in
this area would be highly unlikely during the
extended AOT.

IEFR-025-T007C (AER Unit 2 Division |
Termination Cabinets)

Fire risk reduced with heightened awareness of
potentially important operator actions. Could
benefit with further assurance that a fire in this
area would be highly unlikely during the extended
AOT.

IEFR-107-A (Unit 2 RFP Turbine Fire)

Fire risk reduced with assurance of opposite train
RHRSW loop alignment and protection of
equipment in that loop.

IEFR-122-0 (Spray Pond Pump Structure — A
Half)

Fire risk reduced with protection of opposite train
RHRSW loop and heightened awareness of
potentially important operator actions.

OTHER FIRE SCENARIOS

Fire risk reduced with protection of opposite train
RHRSW loop and heightened awareness of
potentially important operator actions.
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Remaining Fire Areas of Elevated Importance

Based on the results presented in Tables A-10 through A-13, the following additional
insights were obtained.

For the RHRSW Loop A outage window, the following areas were identified as
potentially benefitting from additional compensatory measures that could further reduce
the risk of fires from these areas.

Unit 1
e Fire Area 15, Unit 1 Division 2 (D12) safeguard 4kV switchgear room
¢ Fire Area 24, Main Control Room (ECCS B panel 10-C601 (Bay A, B))
e Fire Area 25, Auxiliary Equipment Room (Cable Fires)

Unit 2
e Fire Area 17, Unit 2 Division 2 (D22) safeguard 4kV switchgear room
e Fire Area 24, Main Control Room (ECCS B panel 20-C601 (Bay A, B))
e Fire Area 25, Auxiliary Equipment Room (Cable Fires)

For the RHRSW Loop B outage window, the following areas were identified as most
important:

Unit 1
e Fire Area 13, Unit 1 Division 1 (D11) safeguard 4kV switchgear room
e Fire Area 24, Main Control Room (ECCS A panel 10-C601 (Bay C, D, E, F))
e Fire Area 25, Auxiliary Equipment Room (Cable Fires and Termination
Cabinet Fires)
e Fire Area 26, Remote Shutdown Panel (Severe Fire)

Unit 2
e Fire Area 19, Unit 2 Division 1 (D21) safeguard 4kV switchgear room
¢ Fire Area 24, Main Control Room (ECCS A panel 20-C601 (Bay C, D, E, F))
e Fire Area 25, Auxiliary Equipment Room (Cable Fires and Termination
Cabinet Fires)
¢ Fire Area 26, Remote Shutdown Panel (Severe Fire)

Pre-job walkdowns to reduce and manage transient combustibles prior to entrance into
the extended AOT completion time will be performed to reduce the fire risk from these
areas and heightened awareness will be maintained about the increased sensitivity to
fires in these areas during the extended RHRSW outage windows. Additionally, hot
work will be limited in these areas during the extended RHRSW outage windows. This
heightened awareness when combined with the other compensatory actions defined
above will reduce the potential for core damage from postulated fire scenarios.
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A4 SEISMIC ASSESSMENT

This section provides information regarding a bounding assessment of the seismic risk
implications of having an RHRSW Loop out of service. In order to evaluate the potential

seismic risk implications, a focused, bounding seismic risk assessment is provided to
evaluate the role of the RHRSW loops in mitigating seismic-induced events.

A4 Methodology
A simplified seismic initiator event tree is provided to partition the effects of a seismic
event into the following initiator categories:

Reactor Vessel Rupture (RVR)
Large LOCA

Medium LOCA

Small LOCA

Loss of Offsite Power (LOOP)
Transients

The basic approach and structure for the partitioning of seismically-induced initiating
events from the seismic PRA described in NUREG/CR-4550, Volume 4, Part 3 is used
[Ref. A-4]. The event tree structure is shown below in Figure A-1.

Figure A-1 Simplified Seismic Initiator Event Tree

No Reactor

Seismic
Event

Vessel
Rupture

No Large
LOCA Occurs

No Medium
LOCA Occurs

No Small
LOCA Occurs

No LOOP

RVR

ALOCA

MLOCA

SLOCA

LOOP

Sequence
Number

Initiating Event|

Seq. 1 Trans

Seq. 2 LOOP

Seq. 3 SLOCA

Seq. 4 MLOCA

Seq. 5 LLOCA

Seq. 6 RVR

Consistent with Ref. A.4, a LOOP condition is assumed to exist for all sequences except
Sequence 1. The latest NRC data on seismic hazards, NUREG-1488 [Ref. A.5] is used
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to define the seismic hazard for Limerick. Note that Limerick is not one of those
impacted by the on-going resolution of revised seismic hazards under GI-199.

For each seismic interval category identified in NUREG-1488, the mean conditional
probability of failure given the seismic initiating event is determined as shown in Table
A-14.

Table A-14
BASIS FOR CONDITIONAL PROBABILITIES GIVEN SEISMIC
INITIATING EVENT

Basis for
Initiating Event Category Probability of Occurrence

Reactor Vessel Rupture (RVR) | Estimated based on NUREG/CR-4550 [Ref. A-4],
Table 4.17 for IE Category 1 (RVR).

Large LOCA Consistent with NUREG/CR-4550 [Ref. A-4], mean
probability of failure based on fragility of Recirc Pump
supports (an= 1.9, $,=0.3 3,=0.35 based on
NUREG/CR-6544 [Ref. A-6]).

Medium LOCA Derived from NUREG/CR-4550 [Ref. A-4], Figure
4.20

Small LOCA Derived from NUREG/CR-4550 [Ref. A-4], Figure
4.20

Loss of Offsite Power (LOOP) Computed mean probability of failure based on
fragility of ceramic insulators given in NUREG/CR-
4550 [Ref. A-4], Table 4.9

Transients All residual seismic events (i.e., those that do not
cause one of the above events) are assumed to
cause a transient.
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Table A-15 provides a summary of the overall results.

Table A-15
SUMMARY OF SEISMIC-INDUCED INITIATORS

% of

Seq. Initiating Event Frequency Total
Seq. 1 Transient Initiator 1.11E-03 90.5%
Seq. 2 LOOP 1.08E-04 8.8%
Seq. 3 Small LOCA 5.84E-06 0.5%
Seq. 4 Medium LOCA 7.73E-07 0.1%
Seq. 5 Large LOCA 3.80E-07 0.0%
Seq. 6 Reactor Vessel Rupture 1.71E-06 0.1%

Total Frequency 1.22E-03
A4.2 Risk Implications for RHRSW Loops OOS

The risk significance of the seismic contribution was assessed based on: a) an
understanding of the relative contributions from each of these initiating event groups to
the risk from internal events, and b) a conservative assessment of the conditional core
damage probability given the initiating event, as described in the following.

Transient Events

The primary challenge presented by transients that requires the RHRSW loops to
function is containment heat removal. While the RHRSW loops can provide an
alternate means of providing RPV makeup, Limerick has many RPV makeup sources
and the availability of RHRSW loops is relatively unimportant to the overall risk from
loss of RPV makeup scenarios.

In order to bound the risk of seismic-induced transients, a conservative approach is
taken by assuming that all seismic transient events lead to loss of condenser. This
frequency, 1.11E-3/yr, can then be compared to the frequency of loss of condenser
events from the internal events PRA as shown in Table A-16.
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Table A-16
FREQUENCY OF LOSS OF CONDENSER INITIATORS

Initiator Frequency

Loss of Condenser Vacuum 6.2E-02/yr
MSIV Closure 2.4E-02/yr
Loss of Service Water 6.7E-03/yr

Total Internal Events Frequency 9.3E-02/yr

Seismic Transient Frequency 1.1E-03/yr

Fraction of Internal Events = 1.2%

As shown in Table A-16, the frequency of seismically-induced transients is very small
compared to the internal events frequency of loss of condenser events (i.e., roughly
1%). The vast majority of the seismically-induced transient frequency is due to seismic
events that are less than the IPEEE review level earthquake of 0.3g. Thus, for these
transients, there is high confidence of low probability of seismic failure for at least one
success path for the seismic events <0.3g.

In the internal events PRA, the loss of condenser initiators during the removal of the
RHRSW loop from service contributed only about 12-13% to the change in risk. 1.2% of
13% would lead to less than a one percent change in the risk metrics. Thus, it is
concluded that the risk contribution from seismically-induced transients is negligible.

LOOP Events

In the internal events PRA, LOOP events are relatively important contributors to the risk
associated with the RHRSW loop out of service condition. This is due to the loss of
condenser condition caused by the loss of offsite power. Given a loss of condenser
event, the RHRSW system and the containment vent are the only two means of
containment heat removal available. For Limerick, the containment vent can occur
through multiple paths from the drywell or wetwell and it does not include a preferred
hard pipe vent path. This means that some form of a containment vent path would be
expected to be available to mitigate the seismic LOOP condition. Therefore, it can be
assumed that seismic-induced LOOP events present a challenge similar to a traditional
LOOP, except offsite power recovery is assumed to be precluded, i.e., unrecoverable in
the timeframe considered by the PRA.
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The risk implications of seismically-induced LOOPs is assessed by comparing the
frequency of seismic-induced LOOP events to the frequency of unrecovered LOOP
events that are due to other causes (i.e., grid, plant centered, and weather), as treated
in the internal events PRA.

The internal events PRA utilizes LOOP occurrence and recovery data from NUREG/CR-
6890 [Ref. A.7]. Based on this data, the site-specific frequency of long term losses of
offsite power (i.e., those >24 hours in duration) is approximately 7E-4/yr (based on
composite non-recovery probability at 24 hours of ~2E-2 from NUREG/CR-6890 and a
site LOOP initiating event frequency of ~3.5E-2/yr) . This compares to the frequency of
seismically-induced LOOP events from Table A-9 of 1.08E-4/yr. So, the seismically-
induced LOOP events are roughly 15% of the internal events frequency.

Additionally, LOOP events contribute roughly 50% of the total delta risk from internal
events (refer to Tables A-3 and A-4). Conservatively assuming that all LOOP
contribution to the delta risk comes from long-term losses of offsite power means that
the seismically-induced events might increase the delta risk by approximately 7.5%
(15% of 50%).

Based on internal events results in Section 3.2 for ACDF, ICCDP,, and ICCDPg, a 7.5%
increase to each of those figures of merit can be approximated as shown below. The
Unit 1 results from Table 3.2-2 are used for this representative calculation. These
bounding values are all less than within 1% of the acceptance guidelines. Given the
bounding nature of this assessment, this is judged to be insignificant.

Output Parameter | Internal Events | Bounding Seismic LOOP Estimate (7.5%)

ACDF 8.13E-08/yr 8.13E-08/yr * 0.075 = 6.1E-09/yr
ICCDPa 7.61E-08 7.61E-08 * 0.075 = 5.7E-09
ICCDPg 7.98E-08 7.98E-08 * 0.075 = 6.0E-09

LOCA Events

The risk from seismically-induced LOCAs will be bounded by evaluating the change in
overall RHRSW reliability that occurs when one loop is out of service and using that as
an indicator of the change in LOCA risk.

Based on the RHRSW model from the PRA, the overall reliability of the containment
heat removal function from SPC or SDC with both RHRSW loops available assuming an
unrecoverable loss of offsite power scenarios is 1.3E-3 and is 6.8E-3 with one loop out
of service. Thus, the overall reliability of RHRSW changes by approximately a factor of
only 5 (due to the redundant nature of the design of the system and supporting
emergency diesel generators). By assuming that the RHRSW reliability will have a
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direct impact on all LOCA risk (i.e. the remaining loop of RHRSW during the AOT would
not be impacted by the seismic event and would be required to mitigate all LOCA
events), the change in seismic risk can be conservatively approximated. (In a typical
PRA, seismic failures of RHRSW would be correlated so that both loops would be
failed. Therefore, there would be no impact on the seismic risk of a loop being out of
service.)

From Table A-15, it can be seen that the sum of the frequencies of seismically-induced
Small, Medium and Large LOCAs is 7.0E-6/yr (i.e., 5.8E-06/yr + 7.7E-07/yr + 3.8E-
07/yr). Assuming that the change in risk can be reflected by the remaining RHRSW
loop reliability, the risk change is bounded as 7.0E-6/yr * 6.8E-03 = 4.8E-8/yr. Overa7
day AOT, this contributes only approximately 9.2E-10 to the ICCDP (4.8E-8/yr * 7 days /
365 daysl/yr), or less than 0.1% of the acceptance guidelines. Given the bounding
nature of this assessment, this is judged to be insignificant.

Reactor Vessel Rupture

Reactor vessel rupture (RVR) events cannot be mitigated. Thus, the unavailability of an
RHR loop has no impact on the risk associated with seismically-induced RVR events.

A.4.3 Seismic Risk Impact Conclusion

Bounding analyses were performed to consider the potential seismic contribution for the
RHRSW/SPC loop out of service during the AOT configuration. This included an
evaluation of six separate initiating event consequences from the gamut of potential
seismic events. One of the categories was determined not to be impacted by the
RHRSW/SPC loop out of service configuration (reactor vessel rupture), and the other
five initiating event categories were determined to have no more than one percent
impact compared to the acceptance guidelines. Given the results of these bounding
assessments, they are not carried further in the analysis.
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Appendix B
Uncertainty Analysis

This appendix evaluates epistemic uncertainties that could impact the RHRSW/SPC
AOT extension assessment. Section B.1 provides a breakdown of the contributors to
the CDF risk increase associated with this LAR to provide a framework for performing
the uncertainty analysis. Note that the focus is on CDF since there is substantial margin
to the acceptance guidelines for the LERF figure of merit. Section B.2 then elaborates
on the three types of epistemic uncertainty: parameter, model, and completeness
uncertainties. Section B.3 then summarizes the insights obtained from the assessment.

Note that this effort focuses on the internal events and internal floods results since the
internal fire results are subject to current limitations as described in Section A.3.
However, the fire PRA results have been utilized to obtain separate qualitative and
quantitative insights as shown in Section A.3.3. The insights from this assessment are
assessed for applicability in concert with the fire risk insights.

B.1 DECOMPOSITION OF SIGNIFICANT CONTRIBUTORS

To determine the relative importance of the individual contributors for this LAR, the
focus needs to be on the results of the CDF assessments for two separate cases: (1)
internal events and internal floods model with the “A” RHRSW Loop out of service, and
(2) internal events and internal floods model with the “B” RHRSW Loop out of service.
To obtain insights regarding the changes to the base case results when an RHRSW
Loop is out of service, the first step is to take the out of service case results and remove
the base case cutsets (e.g. using the CAFTA delete term process). This leads to a
cutset file that can be used to provide information regarding the significant accident
sequences or cutsets that are driving the delta-CDF assessment. This was done for
both of the Unit 1 case runs and important groupings from the delta-CDF assessments.
The results are summarized in the sections that follow. The Unit 2 results are not
presented in detail here, but they provide similar insights.

For the internal events and internal floods assessment, the results are presented for the
dominant accident classes in Table B-1 and by initiator in Table B-2. This is done since
it was considered to provide the most useful representation of the internal events
results, since the events or failures that challenge the RHRSW system, and the
mitigation alternatives to deal with the functional failures associated with the RHRSW
system that contribute to risk, can be readily identified.

These results indicate that the loss of containment heat removal scenarios are the most
important contributor to the delta CDF contributed by internal events.  Furthermore,
most of the contribution comes from initiating events that result in the loss of normal
heat removal, i.e., the main condenser from loss of offsite power, miscellaneous
transients, internal floods, or loss of support systems.
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Table B-1
SIGNIFICANT ACCIDENT CLASSES FOR INTERNAL EVENTS AND
INTERNAL FLOODS EVALUATIONS

Figure of Merit RHRSW “A” Loop Case RHRSW “B” Loop Case

CDF 7.17E-06/yr 7.36E-06/yr
ACDF = CDFy - CDFgase 3.97E-06/yr 4 16E-06/yr
Class | (Transient w/ Loss of 271% 31.5%
Injection) from ACDF

Class Il (Loss of Containment Heat 72.2% 67.1%
Removal) from ACDF

Class Il (LOCAs w/ Loss of 0.1% 0.1%
Injection) from ACDF

Class IV (ATWS) from ACDF 0.5% 0.5%
Class V (ISLOCA) from ACDF 0.0% 0.7%

Table B-2

SIGNIFICANT INITIATOR CONTRIBUTIONS FOR THE INTERNAL EVENTS
AND INTERNAL FLOODS EVALUATIONS

Figure of Merit RHRSW “A” Loop Case RHRSW “B” Loop Case
CDFy 7.17E-06/yr 7.36E-06/yr
ACDF = CDFy - CDFgase 3.97E-06/yr 4.16E-06/yr
Percent Contribution to ACDF
LOSS OF OFFSITE POWER 51.7% 48.6%
TRANSIENTS 23.2% 23.1%
INTERNAL FLOODS 14.8% 9.9%
LOSS OF SUPPORT SYSTEMS 7.6% 15.2%
LOCAs 2.6% 3.2%

In addition, the dominant cutsets for each case were reviewed with the top 10 cutsets
for each case in Tables B-3 (for RHRSW Loop A unavailable) and B-4 (for RHRSW
Loop B unavailable). These results are useful in understanding the important
contributors and identifying potential sources of model uncertainty. Consistent with the
contribution identified in Tables B-1 and B-2 by accident class and initiator, all of the top
cutsets involve loss of decay heat removal scenarios. These scenarios involve long
timeframes, i.e., ~20 hours before containment venting is called for and RPV makeup is
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assumed to be required from a source external to containment. This means that
systems and functions that enable RPV injection to be maintained in loss of
containment heat removal scenarios become significant contributors. From the cutset
review, besides random failures that fail the RHRSW B components, the following
actions and events were noted as important to the assessment.

Operator actions to refill CST (ZHUCSTDXI, This would support continued
CRD injection or long term condensate injection with CST makeup to the
hotwell)

Operator actions to vent containment (VHUVTHDXI, Procedural direction
to vent containment per T-200 in loss of containment heat removal
scenarios would increase the likelihood of continued injection capabilities
compared to scenarios that proceed to containment failure)

Operator actions to maximize CRD injection to the vessel (BHUMX1DXI,
This would ensure sufficient injection capabilities exist from the CRD
system once loss of SPC would lead to loss of high pressure injection
capabilities from HPCI or RCIC)

Containment failure leads to loss of all CRD and Condensate injection
capabilities (BPHCFXDXI, based on the Limerick containment structural
analysis, this is the probability that a large rupture of containment occurs
which is assumed to render continued injection as incapable of performing
its function)

Table B-3

TOP 10 CUTSETS FOR ACDF FOR THE INTERNAL EVENTS AND INTERNAL

FLOODS EVALUATIONS (RHRSW “A” LOOP CASE)

# Cutset Prob Event Prob Event Description
1 1.87E-07 9.18E-02 %TF FREQUENCY OF LOSS OF FEEDWATER TRANSIENTS
6.00E-04 JHUMNBDMI FAILURE TO OPEN MAN VLV 1152B OR 1153B FOLLOWING
MAINT.
3.40E-03 ZHUCSTDXI JOINT HEP FOR YHUCSTDXI AND YHUALTDXI
2 1.26E-07 6.20E-02 %TCV INITIATING EVENT FOR LOSS OF CONDENSER VACUUM
6.00E-04 JHUMNBDMI FAILURE TO OPEN MAN VLV 1152B OR 1153B FOLLOWING
MAINT.
3.40E-03 ZHUCSTDXI JOINT HEP FOR YHUCSTDXI AND YHUALTDXI
3 5.74E-08 9.70E-01  %SWFACTOR LOSS OF SW INITIATING EVENT (IE FLAG)
2.70E-02 BHUMX1DXI CRD FLOW NOT MAXIMIZED PER T-240 (AFTER DEP AT
HCTL)
6.00E-04 JHUMNBDMI FAILURE TO OPEN MAN VLV 1152B OR 1153B FOLLOWING
MAINT.

3.65E-03 WPHCTXDXIIEY COOLING TOWER FAILS
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Table B-3
TOP 10 CUTSETS FOR ACDF FOR THE INTERNAL EVENTS AND INTERNAL
FLOODS EVALUATIONS (RHRSW “A” LOOP CASE)

Cutset Prob Event Prob Event Description
4 5.51E-08 9.18E-02 %TF FREQUENCY OF LOSS OF FEEDWATER TRANSIENTS
5.00E-02 BPHCFXDXI CONTAINMENT FAILURE LEADS TO FAILURE OF CRD/COND
INJECTION
6.00E-04 JHUMNBDMI FAILURE TO OPEN MAN VLV 1152B OR 1153B FOLLOWING
MAINT
2.00E-02 VHUVTHDXI OPERATOR FAILS TO INITIATE VENT GIVEN RHR
HARDWARE FAILURE
5 4.88E-08 2.39E-02 %TMSIV FREQUENCY OF MSIV CLOSURE TRANSIENTS
6.00E-04 JHUMNBDMI FAILURE TO OPEN MAN VLV 1152B OR 1153B FOLLOWING
MAINT
3.40E-03 ZHUCSTDXI JOINT HEP FOR YHUCSTDXI AND YHUALTDX
6 3.72E-08 6.20E-02 %TCV INITIATING EVENT FOR LOSS OF CONDENSER VACUUM
5.00E-02 BPHCFXDXI CONTAINMENT FAILURE LEADS TO FAILURE OF CRD/COND
INJECTION
6.00E-04 JHUMNBDMI FAILURE TO OPEN MAN VLV 1152B OR 1153B FOLLOWING
MAINT
2.00E-02 VHUVTHDXI OPERATOR FAILS TO INITIATE VENT GIVEN RHR
HARDWARE FAILURE
7 3.58E-08 4.21E-04 %FL-RB12A Fire Area 47E&W: React Bldg, Unit 1 Isolation Valve Compartment
Area, flood
5.00E-02 BPHCFXDXI CONTAINMENT FAILURE LEADS TO FAILURE OF CRD/COND
INJECTION
1.70E-03 DHUMANLPD FAILURE TO MANUALLY OPEN U1 RHR-HX VALVES
8 3.58E-08 4.21E-04 %FL-RB12A Fire Area 47E&W: React Bldg, Unit 1 Isolation Valve Compartment
Area, flood
5.00E-02 BPHCFXDXI CONTAINMENT FAILURE LEADS TO FAILURE OF CRD/COND
INJECTION
1.70E-03 DMV68BLPD RHRSW HX OUT VLV NC FAILS IN MAN. MODE AFTER FAIL.
REMOTE.
9 3.54E-08 1.95E-02 %LOOP-GRID GRID CENTERED LOOP INITIATING EVENT
6.00E-04 JHUMNBDMI FAILURE TO OPEN MAN VLV 1152B OR 1153B FOLLOWING
MAINT
1.00E+00 LOOP-GRID GRID CENTERED LOOP EVENT IDENTIFIER
8.91E-01 NOTOSP5-GRID SUCCESSFUL RECOVERY OF OSP IN 5 HRS / NORECOVERY
IN 2.5 HRS - GRID RELATED
3.40E-03 ZHUCSTDXI JOINT HEP FOR YHUCSTDXI AND YHUALTDX
10 3.46E-08 1.95E-02 %LOOP-GRID GRID CENTERED LOOP INITIATING EVENT
5.00E-02 BPHCFXDXI CONTAINMENT FAILURE LEADS TO FAILURE OF CRD/COND
INJECTION
3.25E-04 ECB605DNI D124 BUS XFRMR BREAKER 152-11605 FAILS TO RE-CLOSE
1.00E+00 LOOP-GRID GRID CENTERED LOOP EVENT IDENTIFIER
3.41E-01 NOOSP2E-GRID FAILURE TO RCVR OSP IN 2.5HRS/NO RCVRY IN 0.5HRS -
GRID RELATED
3.88E-01 NOOSP52-GRID  FAILURE TO RCVR OSP IN 5HRS/NO RCVRY IN 2.5HRS -GRID
RELATED
8.25E-01 NOOSPE-GRID FAILURE TO RCVR OFFSITE PWR EARLY(30 MIN) -GRID

RELATED
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Table B-4
TOP 10 CUTSETS FOR ACDF FOR THE INTERNAL EVENTS AND INTERNAL
FLOODS EVALUATIONS (RHRSW “B” LOOP CASE)

Cutset Prob Event Prob Event Description
1 1.87E-07 9.18E-02 %TF FREQUENCY OF LOSS OF FEEDWATER TRANSIENTS
6.00E-04 JHUMNADMI FAILURE TO OPEN MAN VLV 12-1152A OR 53A FOLLOWING
MAINT.
3.40E-03 ZHUCSTDXI JOINT HEP FOR YHUCSTDXI AND YHUALTDXI
2 1.82E-07 1.70E-03  %SACA1 FREQUENCY OF LOSS OF AC BUS DIV. |
5.00E-02 BPHCFXDXI CONTAINMENT FAILURE LEADS TO FAILURE OF
CRD/COND INJECTION
2.40E-03 EOSPTRIPO CONSEQUENTIAL LOSS OF OFFSITE POWER GIVEN
PLANT TRIP
1.00E+00 LOOP-GRID GRID CENTERED LOOP EVENT IDENTIFIER
8.91E-01 NOTOSP5-GRID SUCCESSFUL RECOVERY OF OSP IN 5 HRS /
NORECOVERY IN 2.5 HRS - GRID RELATED
3 1.26E-07 6.20E-02 %TCV INITIATING EVENT FOR LOSS OF CONDENSER VACUUM
6.00E-04 JHUMNADMI FAILURE TO OPEN MAN VLV 12-1152A OR 53A FOLLOWING
MAINT.
3.40E-03 ZHUCSTDXI JOINT HEP FOR YHUCSTDXI AND YHUALTDXI
4 5.74E-08 9.70E-01  %SWFACTOR LOSS OF SW INITIATING EVENT (IE FLAG)
2.70E-02 BHUMX1DXI CRD FLOW NOT MAXIMIZED PER T-240 (AFTER DEP AT
HCTL)
6.00E-04 JHUMNADMI FAILURE TO OPEN MAN VLV 12-1152A OR 53A FOLLOWING
MAINT.
3.65E-03 WPHCTXDXIIEY COOLING TOWER FAILS
5 5.51E-08 9.18E-02 %TF FREQUENCY OF LOSS OF FEEDWATER TRANSIENTS
5.00E-02 BPHCFXDXI CONTAINMENT FAILURE LEADS TO FAILURE OF
CRD/COND INJECTION
6.00E-04 JHUMNADMI FAILURE TO OPEN MAN VLV 12-1152A OR 53A FOLLOWING
MAINT.
2.00E-02 VHUVTHDXI OPERATOR FAILS TO INITIATE VENT GIVEN RHR
HARDWARE FAILUR
6 4.88E-08 2.39E-02 %TMSIV FREQUENCY OF MSIV CLOSURE TRANSIENTS
6.00E-04 JHUMNADMI FAILURE TO OPEN MAN VLV 12-1152A OR 53A FOLLOWING
MAINT.
3.40E-03 ZHUCSTDXI JOINT HEP FOR YHUCSTDXI AND YHUALTDXI
7 3.72E-08 6.20E-02 %TCV INITIATING EVENT FOR LOSS OF CONDENSER VACUUM
5.00E-02 BPHCFXDXI CONTAINMENT FAILURE LEADS TO FAILURE OF
CRD/COND INJECTION
6.00E-04 JHUMNADMI FAILURE TO OPEN MAN VLV 12-1152A OR 53A FOLLOWING
MAINT.
2.00E-02 VHUVTHDXI OPERATOR FAILS TO INITIATE VENT GIVEN RHR

HARDWARE FAILUR
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Table B-4
TOP 10 CUTSETS FOR ACDF FOR THE INTERNAL EVENTS AND INTERNAL
FLOODS EVALUATIONS (RHRSW “B” LOOP CASE)

# Cutset Prob Event Prob Event Description
8 3.54E-08 1.95E-02 %LOOP-GRID GRID CENTERED LOOP INITIATING EVENT
6.00E-04 JHUMNADMI FAILURE TO OPEN MAN VLV 12-1152A OR 53A FOLLOWING
MAINT.
1.00E+00 LOOP-GRID GRID CENTERED LOOP EVENT IDENTIFIER
8.91E-01 NOTOSP5-GRID SUCCESSFUL RECOVERY OF OSP IN 5 HRS /
NORECOVERY IN 2.5 HRS - GRID RELATED
3.40E-03 ZHUCSTDXI JOINT HEP FOR YHUCSTDXI AND YHUALTDXI
9 3.46E-08 1.95E-02 %LOOP-GRID GRID CENTERED LOOP INITIATING EVENT
5.00E-02 BPHCFXDXI CONTAINMENT FAILURE LEADS TO FAILURE OF
CRD/COND INJECTION
3.25E-04 ECB505DNI D114 BUS XFRMR BREAKER 152-11505 FAILS TO RE-
CLOSE
1.00E+00 LOOP-GRID GRID CENTERED LOOP EVENT IDENTIFIER
3.41E-01 NOOSP2E-GRID FAILURE TO RCVR OSP IN 2.5HRS/NO RCVRY IN 0.5HRS -
GRID RELATED
3.88E-01 NOOSP52-GRID FAILURE TO RCVR OSP IN 5HRS/NO RCVRY IN 2.5HRS -
GRID RELATED
8.25E-01 NOOSPE-GRID FAILURE TO RCVR OFFSITE PWR EARLY(30 MIN) -GRID
RELATED
10 2.88E-08 1.95E-02 %LOOP-GRID GRID CENTERED LOOP INITIATING EVENT
4.87E-04 JPMO6ADSIO RHRSW PUMP 0AP506 FAILS TO START
1.00E+00 LOOP-GRID GRID CENTERED LOOP EVENT IDENTIFIER
8.91E-01 NOTOSP5-GRID SUCCESSFUL RECOVERY OF OSP IN 5 HRS /
NORECOVERY IN 2.5 HRS - GRID RELATED
3.40E-03 ZHUCSTDXI JOINT HEP FOR YHUCSTDXI AND YHUALTDXI

The review of top level contributors in Tables B-1 and B-2 provide a general
understanding of the nature of the most important CDF contributors associated with the
RHRSW Loops. A more detailed and comprehensive view of the contributors is gained
through a review of the cutsets and in particular the important individual basic event
contributors. Tables B-3 and B-4 present the top 10 cutsets and are included as
illustrative examples. To further confirm the insights obtained from the review of
information in Tables B-1 through B-4, a review of importance measures for the delta-
CDF cutset equations for each of the two case runs can also be performed.

The results of the internal event assessments at the basic event level are provided in
Tables B-5 and B-6. For both cases, the top 25 basic events sorted by percent
contribution are provided. Note that specific initiating event contributors have been
purposely excluded from this list since they have already been assessed in Table B-2.
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Table B-5

SIGNFICANT CONTRIBUTORS TO THE INTERNAL EVENTS AND INTERNAL
FLOODS EVALUATION (RHRSW “A” LOOP CASE)

Event Name Probability | Fussell- Risk Description
Vesely Achievement
Worth

NOOSPE 1.00E+00 3.49E-01 1 | FAILURE TO RCVR OFFSITE PWR EARLY (30
MIN)

NOOSP2E 1.00E+00 3.41E-01 1 | FAILURE TO RCVR OSP IN 2.5HRS/NO RCVRY IN
0.5HRS

LOOP-GRID 1.00E+00 2.85E-01 1 | GRID CENTERED LOOP EVENT IDENTIFIER

JHUMNBDMI 6.00E-04 2.74E-01 457.58 | FAILURE TO OPEN MAN VLV 1152B OR 1153B
FOLLOWING MAINT.

ZHUCSTDXI 3.40E-03 2.62E-01 77.8 | JOINT HEP FOR YHUCSTDXI AND YHUALTDXI

BPHCFXDXI 5.00E-02 2.16E-01 5.1 | CONTAINMENT FAILURE LEADS TO FAILURE
OF CRD/COND INJECTION

NOOSPE-GRID 8.25E-01 1.91E-01 1.04 | FAILURE TO RCVR OFFSITE PWR EARLY(30
MIN) -GRID RELATED

NOOSP2E-GRID 3.41E-01 1.84E-01 1.35 | FAILURE TO RCVR OSP IN 2.5HRS/NO RCVRY IN
0.5HRS -GRID RELATED

NOOSP52 1.00E+00 1.33E-01 1 | FAILURE TO RCVR OSP IN 5HRS/NO RCVRY IN
2.5 HRS

NOOSPE-WTHR 7.73E-01 1.16E-01 1.03 | FAILURE TO RCVR OFFSITE PWR EARLY(30
MIN) -WEATHER RELATED

NOOSP2E-WTHR 6.14E-01 1.15E-01 1.07 | FAILURE TO RCVR OSP IN 2.5HRS/NO RCVRY IN
0.5HRS -WTHR RELATED

BHUMX1DXI 2.70E-02 9.98E-02 4.59 | CRD FLOW NOT MAXIMIZED PER T-240 (AFTER
DEP AT HCTL)

EDGX24TM2 1.15E-02 9.23E-02 8.93 | DIESEL GENERATOR 24 IN MAINTENANCE

EDGX12TM 1.15E-02 8.96E-02 8.7 | DIESEL GENERATOR 12 IN MAINTENANCE

VHUVTHDXI 2.00E-02 8.95E-02 5.38 | OPERATOR FAILS TO INITIATE VENT GIVEN
RHR HARDWARE FAILUR

NOTOSP5-GRID 8.91E-01 8.92E-02 1.01 | SUCCESSFUL RECOVERY OF OSP IN 5 HRS /
NORECOVERY IN 2.5 HRS - GRID RELATED

LOOP-RANDOM 1.00E+00 7.10E-02 1 | RANDOM FAILURES RESULT IN LOOP

NOOSP52-WTHR 7.16E-01 7.07E-02 1.03 | FAILURE TO RCVR OSP IN 5HRS/NO RCVRY IN
2.5HRS -WTHR RELATED

KPHTOVER75 2.50E-01 5.63E-02 1.17 | PERCENTAGE OF TIME AMBIENT TEMP
EXCEEDS 75F

NOOSP105 1.00E+00 5.57E-02 1 | FAILURE TO RCVR OSP IN 10HRS/NO RCVRY IN
5HRS

NOOSP2010 1.00E+00 5.54E-02 1 | FAILURE TO RCVR OSP IN 20HRS/NO RCVRY IN
10HRS

NOOSP52-GRID 3.88E-01 5.04E-02 1.08 | FAILURE TO RCVR OSP IN 5HRS/NO RCVRY IN
2.5HRS -GRID RELATED

EDGD24DSI2 6.42E-03 4.97E-02 8.69 | FAILURE OF DIESEL TO START D24
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Table B-6

SIGNIFICANT CONTRIBUTORS TO THE INTERNAL EVENTS AND INTERNAL
FLOODS EVALUATION (RHRSW “B” LOOP CASE)

Event Name Probability | Fussell- Risk Description
Vesely Achievement
Worth

LOOP-GRID 1.00E+00 3.46E-01 1 | GRID CENTERED LOOP EVENT IDENTIFIER

FAILURE TO RCVR OFFSITE PWR EARLY (30
NOOSPE 1.00E+00 3.29E-01 1| MIN)

FAILURE TO RCVR OSP IN 2.5HRS/NO RCVRY IN
NOOSP2E 1.00E+00 3.23E-01 1| 0.5HRS

FAILURE TO OPEN MAN VLV 12-1152A OR 53A
JHUMNADMI 6.00E-04 2.56E-01 427 | FOLLOWING MAINT.
ZHUCSTDXI 3.40E-03 2.52E-01 74.81 | JOINT HEP FOR YHUCSTDXI AND YHUALTDXI

CONTAINMENT FAILURE LEADS TO FAILURE
BPHCFXDXI 5.00E-02 2.13E-01 5.05 | OF CRD/COND INJECTION

FAILURE TO RCVR OFFSITE PWR EARLY(30
NOOSPE-GRID 8.25E-01 1.91E-01 1.04 | MIN) -GRID RELATED

FAILURE TO RCVR OSP IN 2.5HRS/NO RCVRY IN
NOOSP2E-GRID 3.41E-01 1.87E-01 1.36 | 0.5HRS -GRID RELATED

SUCCESSFUL RECOVERY OF OSP IN 5 HRS /
NOTOSP5-GRID 8.91E-01 1.39E-01 1.02 | NORECOVERY IN 2.5 HRS - GRID RELATED

FAILURE TO RCVR OSP IN 5HRS/NO RCVRY IN
NOOSP52 1.00E+00 1.22E-01 1| 25HRS

FAILURE TO RCVR OFFSITE PWR EARLY(30
NOOSPE-WTHR 7.73E-01 9.63E-02 1.03 | MIN) -WEATHER RELATED

FAILURE TO RCVR OSP IN 2.5HRS/NO RCVRY IN
NOOSP2E-WTHR 6.14E-01 9.60E-02 1.06 | 0.5HRS -WTHR RELATED

CONSEQUENTIAL LOSS OF OFFSITE POWER
EOSPTRIPO 2.40E-03 9.20E-02 39.22 | GIVEN PLANT TRIP
EDGX11TM 1.15E-02 8.88E-02 8.63 | DIESEL GENERATOR 11 IN MAINTENANCE
EDGX23TM2 1.15E-02 8.86E-02 8.62 | DIESEL GENERATOR 23 IN MAINTENANCE

OPERATOR FAILS TO INITIATE VENT GIVEN
VHUVTHDXI 2.00E-02 8.54E-02 5.18 | RHR HARDWARE FAILUR
LOOP-RANDOM 1.00E+00 6.75E-02 1 | RANDOM FAILURES RESULT IN LOOP

CRD FLOW NOT MAXIMIZED PER T-240 (AFTER
BHUMX1DXI 2.70E-02 6.74E-02 3.43 | DEP AT HCTL)

FAILURE TO RCVR OSP IN 5HRS/NO RCVRY IN
NOOSP52-GRID 3.88E-01 5.76E-02 1.09 | 2.5HRS -GRID RELATED

PERCENTAGE OF TIME AMBIENT TEMP
KPHTOVERT75 2.50E-01 5.61E-02 1.17 | EXCEEDS 75F

FAILURE TO RCVR OSP IN 5HRS/NO RCVRY IN
NOOSP52-WTHR 7.16E-01 5.31E-02 1.02 | 2.5HRS -WTHR RELATED
EDGD11DSI 6.42E-03 4.84E-02 8.49 | FAILURE OF DIESEL TO START D11
EDGD23DSI2 6.42E-03 4.77E-02 8.38 | FAILURE OF DIESEL TO START D23
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A review of the importance measure reports partially presented in Tables B-5 and B-6
confirm the importance of some of the contributors identified previously and provide
some additional insights. These additional insights are listed below.

Ensuring proper standby alignment of the opposite RHRSW train would reduce
contribution from pre-initiators (JHUMNA,BDMI assume that the RHRSW supply
and return valves are not left in their normally open position following
maintenance, go undetected, and render the system failed when the RHRSW
pumps are started)

The PRA analysis already includes exclusion of several maintenance
combinations that would not be allowed to be performed during the extended
AOT (opposite train RHRSW pumps and opposite train ESW loop). It was also
noted that avoiding elective maintenance on the individual EDGs that support the
protected RHRSW pump trains would also reduce the overall CDF contribution
from LOOP events:

= When RHRSW Loop A is unavailable
- EDGX12TM, Diesel Generator 12 supports RHRSW Pump B
- EDGX24TM2, Diesel Generator 24 supports RHRSW Pump D

= When RHRSW Loop B is unavailable
- EDGX11TM, Diesel Generator 11 supports RHRSW Pump A
- EDGX23TM2, Diesel Generator 23 supports RHRSW Pump C

Avoiding elective maintenance on the RHR trains that support the protected
RHRSW loop would also reduce the CDF contribution from various contributors:

= When RHRSW Loop A is unavailable
- DPMO02BTM, Unit 1 RHR Pump B
- DPMO02DTM, Unit 1 RHR Pump D
- DPMO02BTM2, Unit 2 RHR Pump B
- DPMO02DTM2, Unit 2 RHR Pump D

= When RHRSW Loop B is unavailable
- DPMO02ATM, Unit 1 RHR Pump A
- DPMO2CTM, Unit 1 RHR Pump C
- DPMO02ATM2, Unit 2 RHR Pump A
- DPMO02CTM2, Unit 2 RHR Pump C
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B.2 ASSESSMENT OF UNCERTAINTY

As discussed earlier, epistemic uncertainty is generally categorized into three types —
parameter, model, and completeness uncertainty. These are each discussed in the
sections which follow.

B.2.1 Parameter Uncertainty

The cutset results for the different delta-CDF assessments were reviewed to determine
if the epistemic correlation could influence the mean value determination. From the
review of the cutsets, it was determined that the dominant contributor cutsets do not
involve basic events with epistemic correlations (i.e. the probabilities of multiple basic
events within the same cutset for the dominant contributors are not determined from a
common parameter value). Per Guideline 2b from EPRI 1016737 [B-1], then it is
acceptable to use the point estimate directly in the risk assessment.

To verify that the use of the point estimate is acceptable in these four cases, a detailed
Monte Carlo calculation using EPRI R&R workstation UNCERT software was performed
to compare the mean value determined from the Monte Carlo simulation as compared
to the point estimate. The results of those assessments are provided in Table B-7
below. Figures displaying the probability density function for all of the cases appear
after the table. Based on the minimal difference in the comparison of the mean value
with the point estimate values provided, the use of the point estimate for this
assessment is deemed acceptable.

Note that a similar assessment was performed for the LERF figure of merit and the
trend was similar. That is, the parametric mean values were very close to the point
estimate mean values. Therefore, and since LERF is not a significant contributor for
this assessment, the use of the point estimate is deemed acceptable.
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Table B-7
PARAMETRIC UNCERTAINTY EVALUATIONS AND
COMPARISON TO POINT ESTIMATE RESULTS

Result Unit 1 Unit 2
RHRSW RHRSW RHRSW RHRSW
“A” Case “B” Case “A” Case “B” Case
Propagated Mean Values'"
CDFy 7.26E-06/yr | 7.48E-06/yr | 7.38E-06/yr | 7.44E-06/yr
CDFgase'” 3.23E-06/yr 3.22E-06/yr
ACDF) = CDFy - CDFgase | 4.03E-06/yr | 4.25E-06/yr | 4.16E-06/yr | 4.22E-06/yr
Point Estimate Mean Values?
CDFx® 7.17E-06/yr | 7.36E-06/yr | 7.21E-06/yr | 7.35E-06/yr
CDFgase® 3.20E-06/yr 3.19E-06/yr
ACDF® = CDFy - CDFgase | 3.97E-06/yr | 4.16E-06/yr | 4.02E-06/yr | 4.16E-06/yr

O

Carlo simulation with 15,000 samples.

@

Developed based on the point estimate value for each case.

Developed based on the parametric mean value for each case from a Monte

Density Function

Relative Frequency

g@@ Density Function

Mean -t 7.26E-06
5%-[ 312E-06
B0 - »
5% -]
Std Dew

E.07E-06
1.47E-05
5.B3E-06

Frequency / Probability

Relative Frequency

Mean -M : 7.4BE-06
5% - 1 3.23E-06
B0% - »
5% -]
Std Dev

:B.27E-06
:1.51E-05
: B.BSE-DE

Frequency / Probability

Figure B-1

Unit 1 RHRSW “A” and “B” Cases
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Density Function g@@ Density Function

Mean-M - 7.38E-05 | [j Pelative Frequency Mean-M : 7.44E-06
5%-[  320E06 5%-[ 322606
50%-x - G1GEDG 50%-x 25606
95%-]  :150E-0S 95%-] 15105
StdDev - G.04E-0B StdDev : BOIE-DR

Frequency / Probability Frequency / Probability

Figure B-2 Unit 2 RHRSW “A” and “B” Cases

B.2.2 Model Uncertainty

The assessment of model uncertainty utilizes the guidance provided in EPRI 1016737
[B-1] and in NUREG-1885 [B-2] and considers the following:

Characterize the manner in which the PRA model is used in the application
Characterize modifications to the PRA model

|dentify application-specific contributors

> owbh -

Assess sources of model uncertainty in the context of important contributors

a. Also consider other sources of model uncertainty from the base PRA
model assessment for the identification of candidate key sources of
uncertainty

b. Screen based on relevance to parts of PRA needed or based on
relevance to the results

5. Identify sources of model uncertainty and related assumptions relevant to the
application

a. This involves the formulation of sensitivity studies for those sources of
uncertainty that may challenge the acceptance guidelines and an
interpretation of the results

B.2.2.1 Characterize the Manner in which the PRA Model is Used in the
Application

The manner in which the PRA model is used in this application is fully described in
Section 3 and will not be reproduced here.
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B.2.2.2 Characterize Modifications to the PRA Model

There are no specific changes made to the model that introduce any application-specific
sources of model uncertainty since the base PRA model is used for the application.

B.2.2.3 Identify Application-Specific Contributors

Based on the detailed assessment provide in Section B.1, the following items are the
important contributors to the change compared to the base case results:

e Operator actions to refill CST
e Operator action to vent containment
e Operator action to maximize CRD injection to the vessel

e Likelihood that containment failure leads to loss of all CRD and Condensate
injection capabilities

¢ RHRSW Pre-initiators Post-Maintenance

e Specific EDG Maintenance Configurations

B.2.24 Assess Sources of Model Uncertainty in Context of Important Contributors

A review of the identified sources of model uncertainty from the base model assessment
as identified by implementing the process outlined in EPRI 1016737 for Limerick was
then performed to determine which of those items are potentially applicable for this
assessment even though they did not appear as a dominant contributor in the base
assessment for the application. Based on this review, some of the items were already
identified and many of the items were easily screened, but the following items were
added for investigation since they were judged to be potentially applicable for this
application.

e LOOP frequency and fail to recover probabilities
¢ RHR, RHRSW, ESW pump repair failure probabilities
e [SLOCA frequencies
e Human Error Probability Values
e Dependent Human Error Probability Values
e Common Cause Failure Values
Based on the identified important contributors as summarized in Section B.2.2.3 and the

addition of applicable base PRA model sources of uncertainty identified in Section
B.2.2.4, the next step is to perform a qualitative assessment or semi-quantitative
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screening assessment to determine if sources of uncertainty have been utilized in the
PRA that affect the important contributors for the application.

The semi-quantitative screening assessment is based on exceeding the ICCDP limit of
5.0E-7 currently specified for permanent technical specification changes in RG 1.177.
This is below the proposed ICCDP limit of 1.0E-6 for changes of limited applicability, but
is judged to be appropriate since it does not directly account for the impact from
external events. Recall that the ICCDP is obtained as indicated below.

ICCDPRrHrsw x = (CDFRrursw x - CDFgase) X AOTnew

One can substitute in the known values to solve for the maximum CDFgrursw x that
would result in an ICCDP of 5.0E-7.

CDFpax = ICCDPpax/ AOTnew + CDFgase
CDFmax = 5.0E-7 / 1.92E-2 + 3.20E-6 = 2.92E-5

The limiting case for Unit 1 RHRSW B is utilized to determine the minimum Risk
Achievement Worth (RAW) value that could lead to exceeding the ICCDP acceptance
guideline.

RAWMin = CDFuax/ CDFRrrHsw B
RAWuN= 2.92E-5/ 7.36E-6 = 3.97

A qualitative assessment is then provided for each of the previously identified important
contributors or potential sources of uncertainty recognizing that a RAW of ~4.0 from the
individual CDFrprsw 8 Cases would be required to exceed the acceptance guidelines
from any single basic event.

The results of this assessment are shown in Table B-8.
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Table B-8
Identification of Potential Key Sources Uncertainty
Source of Source of Application | Source of Model Uncertainty Potential Key
Uncertainty Model Important Assessment Source of
Uncertainty | Contributor Uncertainty
for Base
Model
Operator Yes Yes The credited actions are procedurally | Yes —include
actions to refill directed with the calculated HEP as part of HEP
CST values derived from an accepted development
methodology. Although variations to as a class
the HEP values may lead to changes
Operator in the risk assessment results, only
action to vent very bounding assumptions regarding
containment the appropriate HEP values for these
individual actions would lead to
exceeding the risk metric acceptance
Operator guid.el_ines_for voluntary actiong
action to requiring risk maqagemgnt actions.
maximize In any event, the |denfuf|ed HEF_’s for
CRD injection refilling the.C.ST, venting containment,
to the vessel and maximizing CRD flow are
identified as potential key sources of
uncertainty for this application as part
of the HEP development as a global
source of uncertainty.
Likelihood that | Yes Yes The event representing the likelihood | No

containment
failure leads
to loss of all
CRD and
Condensate
injection
capabilities

of containment failure leading to loss
of all external injection sources has a
RAW value in the 3.7 — 3.8 range
depending on the unit being
calculated and what RHRSW loop is
out of service. This means that even
the very pessimistic assumption of
guaranteed failure (i.e. setting
BPHCFXDXI = 1.0) would not exceed
the acceptance guidelines, and as
such this source of model uncertainty
is screened as a potential key source
of uncertainty.
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Table B-8
Identification of Potential Key Sources Uncertainty
Source of Source of Application | Source of Model Uncertainty Potential Key
Uncertainty Model Important Assessment Source of
Uncertainty | Contributor Uncertainty
for Base
Model
RHRSW Pre- | No Yes The relative importance of the Yes — but
initiators Post- RHRSW pre-initiator events indicates | address with
Maintenance that verifying proper standby proposed
alignment of the remaining RHRSW compensatory
train could be a potentially important measure.
action that could be taken to reduce
the risk associated with the extended
AOT.
Specific EDG | No Yes The relative importance of the Yes — but
Maintenance maintenance terms for the EDGs that | address with
Configurations directly support the remaining proposed
RHRSW train indicates that avoiding compensatory
maintenance on these EDGs during measure.
the extended AOT could be a
potentially important action that could
be taken to reduce the risk associated
with the extended AOT.
LOOP Yes Yes Uncertainty in the LOOP frequency No

frequency and
fail to recover
probabilities

and recovery probabilities will lead to
some change in the calculated deltas
since LOOP scenarios comprise
approximately 50% of the calculated
ACDEF in all cases, but the overall
assessment is not limited to only
LOOP events. Additionally, the loop
initiating event frequency and fail to
recover values are fairly well
accepted (being based on NUREG-
6890). A bounding assessment with
no credit for LOOP recovery did not
lead to an increase greater than 4.0
for the individual RHRSW loop cases,
and as such the LOOP recovery
values are not retained as a potential
key source of uncertainty.
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Table B-8

Identification of Potential Key Sources Uncertainty

Source of Source of Application | Source of Model Uncertainty Potential Key
Uncertainty Model Important Assessment Source of
Uncertainty | Contributor Uncertainty
for Base
Model
RHR, Yes No Currently, no credit is taken for repair | No
RHRSW, of failed RHR, RHRSW, or ESW
ESW  pump pumps. Any credit for repair would
repair failure reduce the calculated risk metrics for
probabilities this evaluation. Therefore, this is
identified as a potential area of
conservatism, and any changes
would not lead to exceeding the
acceptance guidelines. As such, the
pump repair probabilities are not
identified as a potential key source of
uncertainty.
ISLOCA Yes No The asymmetry noted in the LERF No
frequencies results reported in Section 3.2 (and in

the CDF results for Accident Class V
reported in Table B-1) are due to the
fact that one of the RHRSW loops in
each unit is utilized for enabling
RHRSW as an alternate RPV makeup
source. Credit for this external
injection source is important in
ISLOCA scenarios. However, the
ISLOCA frequencies for Limerick are
derived from a detailed ISLOCA
analysis which includes the relevant
considerations listed in IE-C12 of the
ASME/ANS PRA Standard and
accounts for common cause failures
and captures likelihood of different
piping failure modes. Additionally, the
ICLERRP risk metrics are about two
orders of magnitude away from the
acceptance guidelines. Given these
two attributes, the ISLOCA
frequencies are not identified as a
potential key source of uncertainty.
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Table B-8
Identification of Potential Key Sources Uncertainty

Source of Source of Application | Source of Model Uncertainty Potential Key
Uncertainty Model Important Assessment Source of

Uncertainty | Contributor Uncertainty

for Base

Model
Human Error | Yes Yes The HRA was performed using a Yes — treat as
Probability systematic approach that is consistent | part of HEP
Values with the ASME PRA standard and has | development
Dependent been peer reviewed. One of the as a class
Human Error requirements of the standard is that
Probability the HEPs be compared as a set to
Values ensure that the ranking is appropriate

to the context within which HEP is
evaluated. The identification of
significant contributors discussed in
Section B.1 resulted in the
identification of the most significant
human failure events, and these are
the ones identified for potential
compensatory measures.

Common Yes No Due to the nature of the RHRSW No
Cause Failure Loop LAR with the evaluation of one
Values loop of RHR out of service, the

change in the risk metrics tended to
be dominated by additional single
failures and as such CCF values do
not play a big role in the risk
assessment. Therefore, it is not
identified as a potential key source of
uncertainty for this application.

B.2.2.5 Identify Sources of Model Uncertainty and Related Assumptions Relevant
to the Application

Based on the evaluation of important contributors shown in Table B-8, one sensitivity
case was prepared for further exploration. Other potential key sources of uncertainty
were screened or already identified as being addressed with potential compensatory
measures. That one sensitivity case involves the Human Error Probability (HEP)
development as a class. For this sensitivity study, all HEP events are set to their 95
percentile values. This resulted in HEPs that were multiplied by factors in the range of 2
to 4. While this range is smaller than that which could be obtained by using a totally
different HRA approach, it is sufficient, in this case, to demonstrate that the HEP values
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are a potential key source of uncertainty. The results of this sensitivity case are
presented in Table B-9 with the corresponding output parameters for comparison to the
acceptance guidelines shown in Table B-10.

Table B-9
HEP SENSITIVITY CASE RISK ASSESSMENT
INPUT PARAMETERS

Input Parameter Base Case Value 95" HEP Value
CDFgase 3.20E-06/yr 1.46E-05/yr
CDF4 7.17E-06/yr 3.55E-05/yr
CDFg 7.36E-06/yr 3.61E-05/yr
Ta 7 Days 7 Days
Ts 7 Days 7 Days
TeveLe 700 Days 700 Days
AOTnew 1.92E-02 1.92E-02
(
Table B-10
HEP SENSITIVITY CASE RISK ASSESSMENT
OUTPUT RESULTS
Risk Metric Base Case Value 95" HEP Value

CDFnew 3.28E-06/yr 1.50E-05/yr

ACDF 8.13E-08/yr 9.06E-07/yr

ICCDPA 7.61E-08 4.01E-07

ICCDPg 7.98E-08 4 12E-07

As expected, the results of the sensitivity case show that significant changes to the
HEPs have a profound impact on the calculated risk metrics. The increase in the CDF
values when the 95" HEP values are utilized above the changes made to the individual
HEPs or dependent HEP events is due to the combination of HEPs that were assessed
as independent (e.g. pre-initiators and post-initiators sometimes appear in the same
cutset). These results are similar to most BWR PRA uncertainty evaluations when this
sensitivity case is performed and is not unexpected. Additionally, a review of
importance measures from the delete term cutsets between the RHRSW A or B cases
and the revised base case (i.e. with all HEPs set at their 95" percentile value) indicated
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that the same set of operator actions would be identified as most important. In this
sensitivity case, however, they become even more important from a relative risk
perspective. This sensitivity case result reinforces the conclusion that the modeling and
quantification of crew response actions under accident conditions is an important
uncertainty in the assessment of risk.

B.2.3 Completeness Uncertainty

Table A-5 in Appendix A presents a summary of the disposition of those hazard groups
not included in the PRA. As discussed there, the majority of those hazard groups were
screened based on qualitative or quantitative considerations. The interim Fire PRA
model was utilized to obtain quantitative risk metric results, but more importantly it
helped to identify those fire areas that were subject to increased risk from fire during the
extended RHRSW AOT for consideration of potential compensatory measures. The fire
risk assessment is detailed in Section A.3. The seismic hazard group was demonstrated
to be an insignificant contributor based on a simple, but conservative model as
discussed in Section A.4.

Therefore, there is no major form of completeness uncertainty that would impact the
results of this assessment.

B.3 UNCERTAINTY ANALYSIS CONCLUSIONS

As previously indicated, the uncertainty analysis addresses the three generally
accepted forms of uncertainty - parameter, model, and completeness uncertainty. The
conclusions from these assessments are as follows.

Parameter Uncertainty

The parameter uncertainty assessment indicated that the use of the point estimate
results directly for this assessment is acceptable.

Model Uncertainty

The model uncertainty assessment highlighted the following sources of uncertainty as
being important to address with potential compensatory measures:

e Heightened awareness should be maintained regarding the important operator
actions associated with the performance of the extended AOT (i.e., operator
actions to refill the CST, operator action to vent containment per T-200, and
operator action to maximize CRD injection to the vessel per T-240).
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e Proper standby alignment of the opposite RHRSW train should be ensured prior
to entry into the AOT as this would reduce the contribution from potential pre-
initiator errors.

e Besides the protected opposite RHRSW trains and ESW loop, elective
maintenance should be avoided and other protective measures should be
maintained on all RHR trains and EDG trains that provide partial support to the
protected RHRSW loop.

Completeness Uncertainty

There is no major form of completeness uncertainty that would impact the results of this
assessment.
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Docket Nos. 50-352 and 50-353

SUMMARY OF REGULATORY COMMITMENTS

The following table identifies commitments made in this document. (Any other actions
discussed in the submittal represent intended or planned actions. They are described to the
NRC for the NRC’s information and are not regulatory commitments.)

COMMITMENT TYPE

COMMITTED DATE
COMMITMENT OR “OUTAGE” ONE-TIME | b o GRAMMATIC
ACTION VESIN
(YES/INO) (YES/NO)
The compensatory measures identified Prior to commencin
in Section 4.2 of Attachment 1 will be ) 9
. . the applicable *
implemented during the extended Yes No
. . : RHRSW subsystem
allowed outage times associated with i0iNG renairs
the RHRSW subsystem piping repairs. pIpIng repairs.

* This is a one-time change per calendar year during the performance of the RHRSW subsystem
piping repairs.
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VALVE POSITIONS FOLLOWING
SW PUMP 'A'START

DESCRIPTION POSITION
UNIT |RETURN OPEN
UNIT 2 RETURN OPEN
HV-11-049 UNIT 2 RETURN LOOP A OPEN
HV-11-048 UNIT 2 RETURN U/2 SW CLOSED
HV-11-121 DIV A, UNIT IRET U/ISW  CLOSED
HV-11-221 DIV A, UNIT 2 RET U/2 SW CLOSED
VALVE PQSITIONS FOLLOWING
SPRAY BYPASS SPRAY BYPASS ESW PUMP C'START
| SPRAY POND PUMP STRUCTURE I DESCRIPTION POSITION.
T UNIT | RETLRN OPEN
o ® -2 6‘32\5\.\ND UNIT 2 RETURN OPEN
— UNIT 2 RETURN LOOP A OPEN
— I " m — HV-11-078 UNIT 2 RETURN U/2 SW CLOSED
HY
12- ‘NC 7\2 \Nc \2, ‘LC
032 032¢ HV-11-123 DIV C,UNIT IRET U/ISW  CLOSED
HV-11-223 DIV C,UNIT 2 RET U/2 SW  CLOSED

VALVE PQOSITIONS FOLLOWING
ESW PUMP B'START

DESCRIPTION POSITION
UNIT | RETURN OPEN
UNIT 2 RETURN OPEN
UNIT TRETURN LOOP B OPEN
HV-11-043 UNIT IRETURN U/I'SW CLOSED
HV-II-125 UNIT 1RET U/ISW CLOSED
HV-11-225 UNIT 2 RET U/2 SW CLOSED
VALVE POSITIONS FOLLOWING
ESW PUMP D'START
DESCRIPTION POSITION
A UNIT [ RETURN OPEN
TV 120038 UNIT 2 RETURN OPEN
UNIT IRETURN LOOP B OPEN
HV-11-073 UNIT IRETURN U/1'SW CLOSED
1 B RRRRRRR B ESW SUPPLY
» ' » » HV-II-126 UNIT IRET U/ISW CLOSED
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——— - *
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25240 A RHRSW RETURN HI RAD / HI DISCH PRESSURE TRIP
T0 B RHR " B RHRSW SUPPLY

ESW/RHRSW CROSSTIE
—

e mm  e——) B RHRSW RETURN

ESW/RHRSW CROSSTIE UTILIZATION OF COOLING TOWER OR

SPRAY POND AS A HEAT SINK

HV  HY
0518 0558 POND/TWR SELECT
OSURE SWITCHES in
SERVICE o 7 ENCLOSURE | 052 SPRAY POND/TOWER
WATER  0034A DESCRIPTION. POSITION.
WATER GATE A OPEN  CLOSED
HV-12-0038  GATE B OPEN  CLOSED
0 HV-12-003C  GATE C OPEN  CLOSED
UNIT 2 HV-12-003D  GATE D OPEN  CLOSED
FUEL POOL v HV-12-111 TWR | RETLRN CLOSED  OPEN
MAKE-UP - HV-12-113 TWR | RETURN CLOSED ~ OPEN
HV-12- 112 TWR | TO POND CLOSED ~ OPEN
HV-12- 114 TWR | TO POND CLOSED ~ OPEN
] HV-12-211 TWR 2 RETLRN CLOSED ~ OPEN
2433 UNIT 2 WPCI HV-12-213 TWR 2 RETURN CLOSED ~ OPEN
HV-12-212 TWR 2 TO POND CLOSED  OPEN
HV-12-214 TWR 2 TO POND CLOSED  OPEN
0 HV-12-032A  SPRAY INLET A - CLOSED
w20/ HV-12-032C  SPRAY INLET C - CLOSED
o ovz8 FR HV-12-0328  SPRAY INLET B - CLOSED
[FV2I0 w20 0 2wzo HV-12-032D  SPRAY INLET D SEE CLOSED
1433 UNIT IRCIC 8 HV-12-031A SPRAY BYPASS A/C  BELOW  CLOSED
& HV-12-03IC  SPRAY BYPASS A/C - CLOSED
= HV-12-031B  SPRAY BYPASS B/D - CLOSED
B HV-12-03D  SPRAY BYPASS B/D - CLOSED
S
& SPRAY NETWORK OPERATION
FRom < SPRAY/BYPASS SELECT SWITCHES In BYPASS:
SRom, oM, z HSS-12-016A- |
4 SERVICE—N—P\p—» 434D SERVICE D> 1 HSS-12-016C- |
12-1009 WATER 1015 1012 oo~ WATER 2010 201l ,o0o- 1o 223 HSS-12-016B
SERVICE 1 HSS-12-016D
HV  HY WATER HY AV FROM
24 128 008 v 224 228 2008 UNIT 2 POND / TWR ISELECT SWITCHES in SPRAY POND:
Zois  SERVICE HSS-12-0I5A- |
HSS-12-015C- |
M0 | M-n TC N
POND / TWR 2 SELECT SWITCHES in SPRAY POND:
HSS-12-0I5B
HSS-12-015D
SPRAY/BYPASS
SWITCHES Tn
SPRAY/BYPASS
VALVE DESCRIPTION POSITION
HV-12-032A  SPRAY INLET A OPEN  CLOSED
HV-12-032C  SPRAY INLET C OPEN  CLOSED
HV-12-0328  SPRAY INLET B OPEN  CLOSED
| e — Hvegsed Ry BYeass rEen Seene?
iy SRS HV-12-03 1A SPRAY BYPASS A/C  CLOSED OPEN

OM) fv-12-031C  SPRAY BYPASS A/C CLOSED OPEN
2 1 A _ESW _RETURN P HV-12-0318  SPRAY BYPASS B/D  CLOSED OPEN

_ HV-12-031D SPRAY BYPASS B/D CLOSED OPEN
12 BIESW SUPPLY

Q01208

NOTE

AUTO VALVE LINEUP BYPASS SWITCHES in BYPASS:
HSS-12-013A(B,C,D)

Willprevent the automatic transfer of the above
RHRSW valves and slulce gates to the SPRAY POND
alignment following the start of the appropriate
ESW Pump(s

RHR SERVICE WATER PUMP
OPERATING RESTRICTIONS:

%

FLOW (per Heat Exchanger): 9,000 TO [,000 gpm
FLOW (TOTAL per Loop) 15,000 TO 18,000 gpm
DISCHARGE PRESSURE: > 70 psig & < 120 psig
MOTOR CURRENT: < 92 amps

AIR COOLER
COOLANT
HTX

LUBE OIL
COOLER
RHRSW

> SAFEGUARD POWER SUPPLY

—p
JACKET WTR|
HTX

Q<2\ \k EMERGENCY SERVICE WATER / RHR SERVICE WATER

PECO_ENERGY COMPANY
SCALE DESIGN ORAWN CHECKED DATE

% OVERVIEW
% LIMERICK GENERATING STATION UNITS 1& 2

D 12
|UNI7 I DIESEL GENERATORS I | UNIT 2 DIESEL GENERATORSI
UNIT 2

UNIT | THIS SKETCH BASED ON
SERVICE WATER
SERVICE WATER SIM-M-12 Sht.l Rev.d
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