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EXECUTIVE SUMMARY

This report provides an analysis of the Severe Accident Mitigation Alternatives (SAMAs) that
were identified for consideration by the Beaver Valley Power Station Unit 1. This analysis was
conducted on a cost/benefit basis. The benefit results are contained in Section 4 of this report.
Candidate SAMA s that do not have benefit evaluations have been eliminated from further
consideration for any of the following reasons:

e The cost is considered excessive compared with benefits.
e The improvement is not applicable to Beaver Valley Unit 1.

e The improvement has already been implemented at Beaver Valley Unit 1 or the intent of
the improvement is met for Beaver Valley Unit 1.

After eliminating a portion of the SAMAs for the preceding reasons, the remaining SAMAs are
evaluated from a cost-benefit perspective. In general, the analysis approach examines the
SAMAs from a bounding analysis approach to determine whether the expected cost would
exceed a conservative approximation of the actual expected benefit. In most cases, therefore, a
detailed risk evaluation in which a specific modification/procedure change is evaluated would
indicate a smaller benefit than calculated in this evaluation.

Major insights from this benefit evaluation process included the following:

e If all core damage risk is eliminated, then the benefit in dollars over 20 years is
$5,120,856.

e The largest contributors to the total benefit estimate are from offsite dose savings and
offsite property costs.

e A large number of SAMAs had already been addressed by existing plant features,
modifications to improve the plant, existing procedures, or procedure changes to enhance
human performance.
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BVPS Unit 1 Potentially Cost Beneficial SAMASs

BV1 Potential Improvement Discussion Additional Discussion
SAMA

Number

164 Modify emergency procedures | Reduce release due to SGTR.
to isolate a faulted SG due to a
stuck open safety valve. This
SAMA to provide procedural
guidance to close the RCS loop
stop valve to isolate the
generator from the core and
provide mechanical device to
close a stuck open SG safety
valve.

167 Increase the seismic Reduce failure of batteries due
ruggedness of the emergency to seismic induced failure of
125V DC battery block walls battery room block walls.

168 Install fire barriers for HVAC Eliminate failure of fire
fans in the cable spreading propagating from one fan to
room another.

187 Increase seismic ruggedness of | Increased reliability of the ERF
the ERF Substation batteries. diesel following seismic events
This applies to the battery rack
only and not the entire
structure.

189 Provide Diesel backed power Increased availability of the BVPS plans to implement this
for the fuel pool purification RWST during loss of offsite SAMA through alternate
pumps and valves used for power and station blackout mitigation strategies that
makeup to the RWST. events. provide portable pumps that

can be used for RWST makeup
by the end of 2007.
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1 INTRODUCTION

1.1 PURPOSE

The purpose of the analysis is to identify SAMA candidates at the Beaver Valley Power Station
Unit 1 that have the potential to reduce severe accident risk and to determine whether
implementation of the individual SAMA candidate would be cost beneficial. NRC license
renewal environmental regulations require SAMA evaluation.

1.2 REQUIREMENTS

e 10 CFR 51.53(c)(3)(ii)(L)

o The environmental report must contain a consideration of alternatives to mitigate
severe accidents “...if the staff has not previously considered severe accident
mitigation alternatives for the applicant’s plant in an environmental impact
statement or related supplement or in an environment assessment...”

e 10 CFR 51, Subpart A, Appendix B, Table B-1, Issue 76

o “...The probability weighted consequences of atmospheric releases, fallout onto
open bodies of water, releases to ground water, and societal and economic
impacts from severe accidents are small for all plants. However, alternatives to
mitigate severe accidents must be considered for all plants that have not
considered such alternatives....”

2 METHOD

The SAMA analysis approach applied in the Beaver Valley assessment consists of the following
steps.

e Determine Severe Accident Risk

Level 1 and 2 Probabilistic Risk Assessment (PRA) Model
The Beaver Valley Unit 1 PRA model (Section 3.1 — 3.2) was used as input to the
consolidated Beaver Valley Unit 1/2 Level 3 PRA analysis (Section 3.4).

The PRA results include the risk from internal and external events. The external hazards
evaluated in the PRA are internal fires and seismic events only. High winds and
tornadoes, external floods, and transportation and nearby facility accidents are not
included in the results since they were screened from the IPEEE submittal because their
individual CDF fell below the cutoff criteria of 1.0E-06 per year.
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Level 3 PRA Analysis

The Level 1 and 2 PRA output and site-specific meteorology, demographic, land use, and
emergency response data was used as input for the consolidated Beaver Valley Unit 1/2
Level 3 PRA (Section 3). This combined model was used to estimate the severe accident
risk i.e., off-site dose and economic impacts of a severe accident.

e Determine Cost of Severe Accident Risk / Maximum Benefit

The NRC regulatory analysis techniques to estimate the cost of severe accident risk were used
throughout this analysis. In this step these techniques were used to estimate the maximum benefit
that a SAMA could achieve if it eliminated all risk i.e., the maximum benefit (Section 4).

e SAMA Identification

In this step potential SAMA candidates (plant enhancements that reduce the likelihood of core
damage and/or reduce releases from containment) were identified by Beaver Valley Unit 1
(BVPS-1) plant staff, from the PRA model, Individual Plant Examination (IPE) and IPE —
External Events (IPEEE) recommendations, and industry documentation (Section 5). This
process included consideration of the PRA importance analysis because it has been demonstrated
by past SAMA analyses that SAMA candidates are not likely to prove cost-beneficial if they
only mitigate the consequences of events that present a low risk to the plant.

e Preliminary Screening (Phase I SAMA Analysis)

Because many of the SAMA candidates identified in the previous step are from the industry, it
was necessary to screen out SAMA candidates that were not applicable to the BVPS-1 design,
candidates that had already been implemented or whose benefits have been achieved at the plant
using other means, and candidates whose roughly estimated cost exceeded the maximum benefit.
Additionally, PRA insights (specifically, importance measures) were used directly to screen
SAMA candidates that did not address significant contributors to risk in this phase (Section 6).
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e Final Screening (Phase II SAMA Analysis)

In this step of the analysis the benefit of severe accident risk reduction was estimated for each of
the remaining SAMA candidates and compared to an implementation cost estimate to determine
net cost-benefit (Section 7). The benefit associated with each SAMA was determined by the
reduction in severe accident risk from the baseline derived by modifying the plant model to
represent the plant after implementing the candidate. In general, the modeling approach used
was a bounding approach to first determine a bounding value of the benefit. If this benefit was
determined to be smaller that the expected cost, no further modeling detail was necessary. If the
benefit was found to be greater that the estimated cost, the modeling was refined to remove
conservatism in the modeling and a less conservative benefit was determined for comparison
with the estimated cost.

Similarly, the initial cost estimate used in this analysis was the input from the expert panel (plant
staff familiar with design, construction, operation, training and maintenance) meeting. All costs
associated with a SAMA were considered, including design, engineering, safety analysis,
installation, and long-term maintenance, calibrations, training, etc. If the estimated cost was
found to be close to the estimated benefit, then first the benefit evaluation was refined to remove
conservatism and if the estimated cost and benefit were still close, then the cost estimate was
refined to assure that both the benefit calculation and the cost estimate are sufficiently accurate
to justify further decision making based upon the estimates.

e Sensitivity Analysis
The next step in the SAMA analysis process involved evaluation on the impact of changes in
SAMA analysis assumptions and uncertainties on the cost-benefit analysis (Section 8).

¢ Identify Conclusions
The final step involved summarizing the results and conclusions (Section 9).

3 SEVERE ACCIDENT RISK

The BVPS PRA models describe the results of the first two levels of the BVPS probabilistic risk
assessment for the plant’s two units. These levels are defined as follows: Level 1 determines
CDFs based on system analyses and human reliability assessments; Level 2 evaluates the impact
of severe accident phenomena on radiological releases and quantifies the condition of the

containment and the characteristics of the release of fission products to the environment. The
BVPS models use PRA techniques to:

e Develop an understanding of severe accident behavior;

e Understand the most likely severe accident consequences;

¢ Gain a quantitative understanding of the overall probabilities of core damage and
fission product releases; and
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e Evaluate hardware and procedure changes to assess the overall probabilities of core
damage and fission product releases.

The Unit 1 and Unit 2 PRAs were initiated in response to Generic Letter 88-20, which resulted in
IPE and IPE for External Events (IPEEE) analyses. The current model for each Unit (BVIREV4
for Unit 1 and BV2REV4 for Unit 2) is a consolidated Level 1 / Level 2 model including both
internal and external initiating events (i.e., consolidates IPE and IPEEE studies into a single,
Unit-specific PRA model) for power operation. This means that severe accident sequences have
been developed from internal and external initiated events, including internal floods, internal
fires, and seismic events.

The PRA models used in this analysis to calculate severe accident risk due to Unit 1 are
described in this section. The Unit 1 Level 1 PRA model (internal and external), the Unit 1
Level 2 PRA model, Unit 1 PRA model review history, and the Unit 1 Level 3 PRA model, are
described in Section 3.1, 3.2 and 3 .4.

3.1 LEVEL 1 PRA MODEL

3.1.1 Internal Events

3.1.1.1 Description of Level I Internal Events PRA Model

The US Nuclear Regulatory Commission (NRC) issued Generic Letter No. 88-20, in December
1988, which requested each plant to perform an individual plant examination of internal events
(IPE) to identify any vulnerabilities. In response, Duquesne Light Company (DLC) submitted an
IPE report (Reference 2) using a probabilistic risk assessment (PRA) approach for Beaver Valley
Power Station Unit 1 (BVPS-1) in October 1992 that examined risk from internal events,
including internal flooding.

The updated PRA model, used to determine CDF, is the BVIREV4 model. This model contains
the Level 1 PRA model for internal initiating events. The software used in the update process
was RISKMAN. A Level 1 PRA presents the risk (that is, what can go wrong and what is the
likelihood?) associated with core damage. For the updated PRA, core damage is defined as the
uncovery and heatup of the reactor core to the point where prolonged cladding oxidation and
severe fuel damage is anticipated. This condition is expected whenever the core exit
temperatures exceed 1,200°F and the core peak nodal temperatures exceed 1,800°F.

The Beaver Valley Unit 1 internal events CDF is calculated to be 3.98E-06 /year. The fault tree
method of quantification is binary decision diagram quantification, which provides an exact
solution for split fraction values. The event tree quantification was calculated using a truncation
cutoff frequency of 1.0E-14, or more than 8 orders of magnitude below the baseline CDF. The
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results of the CDF quantification of risk from internal events is summarized in Table 3.1.1.1-1
(Initiating Event Contribution to internal core damage), Table 3.1.1.1-2 (Basic Event
Importance) and Table 3.1.1.1-3 (Component Importance). Contribution to internal events CDF
from ATWS and SBO is presented below for information purposes.

Contribution to Internal CDF
(/year)
ATWS 3.85E-07
SBO 2.62E-07

The original PRA model (IPE submittal) was based on the BVPS-1 plant configuration circa
1988 and was calculated using a plant specific database that included equipment failures and
maintenance history from January 1, 1980 until the end of 1988. The original PRA model was
then updated for the IPEEE submittal (Reference 3) based on the BVPS-1 plant configuration at
the end of 1993. The results presented in this report are based on an updated PRA model
(BVIREV4), which has a “freeze date” of April 20, 2006 for the plant configuration, and a
“freeze date” of December 31, 2005 for component failure data and initiating event data.
Equipment unavailabilities were based on Maintenance Rule availability history from November
1, 1998 to December 31, 2005. This updated PRA model was also revised to include modeling
enhancements.
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Table 3.1.1.1-1: BVIREV4 Dominant Initiating Event Contribution to Internal Core Damage

Initiating Contribution | Percent of %‘l‘;lcl;lli‘tt?fe
Initiator Description Event to Internal Internal Internal
*
Frequency CDF CDF CDF
AOX Loss of Emergency 4160V AC Orange | 1.78E-02 6.64E-07 17% 17%
BPX Loss of Emergency 4160V AC Purple 1.78E-02 6.43E-07 16% 33%
WCX Loss of All River Water Systems 1.31E-06 2.66E-07 7% 40%
ELOCA Excessive Loss of Coolant Accident 2.66E-07 2.66E-07 7% 46%
RTRIP Reactor Trip 7.47E-01 2.18E-07 5% 52%
DPX Loss of Emergency 125V DC Purple 4.80E-03 1.99E-07 5% 57%
TTRIP Turbine Trip 6.52E-01 1.91E-07 5% 62%
PLMFWA | paria Loss of Main Feedwater - 5.00E-01 | 1.55E-07 4% 66%
PLMFW Partial Loss of Main Feedwater 5.00E-01 1.50E-07 4% 70%
Loss of Offsite Power - Extreme N o
LOSPE Weather Related 2.24E-03 1.44E-07 4% 74%
DOX Loss of Emergency 125V DC Orange 4.80E-03 1.10E-07 3% 76%
IMSIV Closure of One MSIV 2.00E-01 7.94E-08 2% 78%
IMSIVA Closure of One MSIV - ATWS 2.00E-01 6.06E-08 1% 80%
EXFW Excessive Feedwater Flow 1.65E-01 5.14E-08 1% 81%
EXFWA Excessive Feedwater Flow - ATWS 1.65E-01 5.13E-08 1% 82%
TLMFW Total Loss of Main Feedwater 4.14E-02 3.71E-08 1% 83%
SLOCN Small LOCA, Nonisolable 2.66E-03 3.66E-08 1% 84%
MLOCAA | ot boss of CoolantAccidentin 5 ggpo5 | 339E-08 1% 85%
MLOCAB | ot boss of Coolant Accidentin | 5 2E.0s | 3.39E-08 1% 86%
MLOCAC | ' boss of Coolant Accidentin | 5 2E.0s | 3.39E-08 1% 87%
LCV Loss of Condenser Vacuum 1.16E-01 3.36E-08 1% 88%
ISI Inadvertent Safety Injection Initiation 8.12E-02 3.23E-08 1% 88%
ISIA IArl%ii;zgment Safety Injection Initiation - 8 12E-02 2 47F-08 1% 89%
LOPF Loss of Primary Flow 8.10E-02 2.32E-08 1% 90%
LOSPG Loss of Offsite Power - Grid Centered | 1.34E-02 2.21E-08 1% 90%

* Percentages are rounded off the whole numbers.
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Table 3.1.1.1-2 BVIREV4 Top 10 Basic Events by Risk Reduction Worth (Internal Events)

Associated
Rank | Basic Event Name Basic Event Description RRW#* SAMA
Cooling
1 HVXCRW200 RW-200 Manual Valve Transfers Closed 1.15E+00 | Water
SAMASs
ACPWR
2 CBXO0480VUS18N1 480V Breaker 480VUS-1-8N1 Transfers Open 1.10E+00 SAMAS
ACPWR
3 CBX0480VUS19P1 480V Breaker 480VUS-1-9P1 Transfers Open 1.10E+00 SAMAS
4 XXFRACTIONRODS Fraction of RT Failures Caused by Control Rods Failing 1 0SE-£00 ATWS
to Insert SAMAs
Cooling
5 PPRPRW3 Common Header Pipe Break 1.08E+00 | Water
SAMAs
Fraction of Time There is Insufficient Relief with 0 SAMA
6 FRCTRIFO05 PORVs Blocked 1.08E+00 156
. . AC PWR
7 DGSREEEG1 Diesel Generator EE-EG-1 Fails to Run After 1st Hour 1.06E+00 SAMAS
. . AC PWR
8 DGSREEEG2 Diesel Generator EE-EG-2 Fails to Run After 1st Hour 1.05E+00 SAMAS
9 BSORDCSWED2 Fa.llu.re of.125V DC Bus 2 DC-SWBD-2 During 24 hr 1.05E+00 DC PWR
Mission Time SAMAs
. . . AC PWR
10 BSOR480VUS18N 480V Bus 480VUS-1-8-N Fails During Operation 1.05E+00 SAMAS

* The Risk Reduction Worth (RRW) is defined by the following Fussell-Vesley (FV) relationship:

RRW =1/(1-FV)
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Table 3.1.1.1-3 BVIREV4 Top 10 Components by Risk Reduction Worth (Internal Events)

IAssociated
Rank |Component Name Component Description RRW* SAMA
Cooling
1 RW-200 Common River Water Header Isolation Valve 1.15E+00 [Water
SAMAs
. AC PWR
2 EE-EG-1 No. 1 Emergency Diesel Generator 1.12E+00 SAMAS
. AC PWR
3 EE-EG-2 No. 2 Emergency Diesel Generator 1.11E+00 SAMAS
4 480VUS-1-8N1 Incoming Supply Breaker From 4KVS-1AE-1E12 1.10E+00 IQSI\I/IXR
5 480VUS-1-9P1 Incoming Supply Breaker From 4KVS-1DF-1F12 1.10E+00 QEI\EI)XZSR
Cooling
6 RW-PIPE River Water System Pipe 1.08E+00 [Water
SAMAs
. DC PWR
7 DC-SWBD-2 125 VDC Switchboard #2 1.05E+00 SAMAS
. AC PWR
8 480VUS-1-8-N 480V Substation 1-8 Emergency Bus IN 1.05E+00 SAMAS
AC PWR
9 4KVS-1AE 4160 Emergency AC Bus 1AE 1.05E+00 SAMAS
10 |480VUS-1-9-P 480V Substation 1-9 Emergency Bus 1P 1.05E+00 ?E&XR

* The Risk Reduction Worth (RRW) is defined by the following Fussell-Vesley (FV) relationship:

RRW =1/(1 - FV)
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3.1.1.2 Level 1 PRA Model Changes since IPE Submittal

The major Level 1 changes incorporated into each revision of the Beaver Valley Unit 1
PRA model are discussed below. The individual affect on CDF by incorporating each of
these changes has not been analyzed. However, each change is listed in order of
expected importance, with the top change being the most important.

BVPS-1 PRA Model History

PRA Internal Total
Rev. Date Comments
Model CDF LERF CDF LERF
BV1 0 10/01/92 2.14E-04 1.06E-05 - - IPE Model

BVIREV1 1 06/30/95 | 1.17E-04 5.85E-06 | 1.44E-04 | 7.11E-06 IPEEE model

Integrated Level 1

BVIREV2 2 06/30/98 | 6.24E-05 7.06E-07 8.50E-05 9.14E-07
and Level 2 models

NEI 00-02 Peer
BVIREV3 3 09/05/03 7.45E-06 9.98E-07 2.34E-05 9.99E-07 | Review A/B F&Os
addressed

RSG/ACC/EPU

BVIREV4 4 06/02/06 | 3.98E-06 7.41E-08 1.95E-05 | 7.54E-08 Model

Beaver Valley Unit 1 Revision 0

This revision represents the base case IPE quantification and resulted in a core damage
frequency of 2.14E-04 / year for internal events.

Beaver Valley Unit 1 Revision 1

This revision represents the updated IPE PRA model that served as the baseline risk
model for the IPEEE.

Changes made include implementation of IPE vulnerability enhancements, slight changes
to the top event models to reflect plant modifications performed through 1993, and plant-
specific data updates of component failures and maintenance through June 1993. These
changes resulted in an internal events core damage frequency of 1.17E-04 / year.

Model changes associated with the vulnerability enhancements made to this revision
consisted of the following two model modifications:

e Adding a new top event to credit the installation of the 4160V station crosstie from
the Unit 2 emergency diesel generators to the 1AE emergency bus.

e Making revisions to the primary pressure relief top event for Anticipated Transient
Without Scram (ATWS) events by taking full credit for the capacity of the three
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pressurizer PORVs to reduce the unfavorable exposure time (UET).

Beaver Valley Unit 1 Revision 2

Beaver Valley Unit 1 Revision 2 was made with the following model modifications. The
changes resulted in an internal events core damage frequency of 6.24E-05 / year.

e The updated model gave credit for the operators to depressurize the RCS during small
break LOCAs, so that a low head safety injection pump can provide makeup and core
cooling, given the failure of the high head safety injection system. The CDF
definition was also changed so that both core exit temperatures exceeded 1,200°F and
the core peak nodal temperatures exceeded 1,800°F must be present.

e The revised frequency included consideration of the station cross-tie connecting the
4KV normal buses of Beaver Valley Units 1 and 2. This cross-tie capability was
credited in the IPEEE submittal, but only for the 1AE emergency bus. The revised
cross-tiec model permitted credit for the Unit 2 emergency diesel generators, if
available, to power either Unit 1 emergency AC bus 1AE or 1DF, given the failure of
both Unit 1 emergency diesel generators and a loss of offsite power.

e If a loss of the AC Orange Train (assumed to be the operating train in the PRA
model) is the initiating event, the 125 DC Purple bus will get a demand signal to auto
start the standby components immediately. If the AC Purple Train is unavailable, the
battery charger will supply the load; if the battery charger fails the battery will supply
the load for the following two hours. This is considered to provide sufficient time to
start standby components before the battery drains. Therefore, the model in this
revision now provided credit for either the DC bus 2 charger or batteries to supply the
load to start standby components, whenever a loss of AC power to the normally
operating equipment is the initiating event.

Beaver Valley Unit 1 Revision 3

Beaver Valley Unit 1 Revision 3 was made with the following model modifications and
incorporated the PRA Peer Review resolutions to the category A and B Facts and
Observations (F&Os). The changes resulted in an internal events core damage frequency
of 7.45E-06 / year.

e The updated model used the latest industry methodology for determining Reactor
Coolant Pump (RCP) seal LOCAs. This methodology is based on WCAP-15603,
Rev. 0 (Reference 21); however, it is slightly modified to account for the NRC’s
preliminary comments reviewing WCAP-15603. This modification used a number 1
seal popping-and-binding failure probability P(PB1) of 0.025 (which is the same as
the Brookhaven Model) instead of 0.0125. With this new RCP seal LOCA model
there is a 78-percent probability that the seal leakage will not exceed 21 gpm per RCP
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during the loss of all seal cooling condition, which accounts for the installed
high-temperature O-rings on all three RCPs.

e The revised RCP Seal LOCA frequency also included plant specific thermal-
hydraulic analyses performed with Modular Accident Analysis Program (MAAP)
4.0.4, which now accounted for sequences that do not go to core melt during a 48-
hour period, given that Auxiliary Feedwater (AFW) or Dedicated AFW is available,
as non-core damage sequences. These analyses were performed for both Station
Blackout and loss of all river water scenarios. RCP Seal LOCA sequences that
uncover the core before 48 hours, but after 30 hours, now used an electric power
recovery factor based on the probability of not recovering offsite power before core
damage occurs using the Plant-Centered LOSP Recovery lognormal distribution
reported in NUREG/CR-5496 (Reference 8) and the median probability of not
recovering at least one emergency diesel generator at times greater than 24-hours (if
available for recovery).

e The High Head Safety Injection (HHSI) / charging pump ventilation support system
was removed from this PRA model update based upon FENOC analysis
8700-DMC-1559, Rev. 0, “BVPS-1 Charging Pump Cubicle Heatup Following a
Design Basis Accident (DBA) and Loss of Ventilation, PRA Analysis” (Reference 9).
The results of this analysis show that when crediting buoyancy driven air flow from
the pump cubicles and using a more realistic 1-month post DBA runout condition in
place of the assumed Environmental Qualification (EQ) 6-month post DBA runout
condition, the HHSI/charging pumps would continue to operate for a 24-hour period
following a complete loss of all ventilation.

e The initiating events data was based on WCAP-15210 (Reference 10) to develop a
generic prior and then Bayesian updated using Beaver Valley Unit 1 actual plant
experience. Based on the PRA Peer Review comments, Unit 1 actual plant
experience from January 1, 1980 though December 31, 2001 was used for the
Bayesian update. Additionally, LOCA initiating event frequencies were now based
on the interim LOCA frequencies taken from Table 4.1 of the “Technical Work to
Support Possible Rulemaking for a Risk-Informed Alternative to 10CFR50.46/GDC
35, to account for aging-related failure mechanisms.

e The Electric Power Recovery model, updated with the latest system models, credited
more scenarios with recovery of the fast bus transfer breakers, emergency diesel
generators, and offsite grid.

e In response to PRA Peer Review comments on the ATWS model, operator credit to
perform emergency boration was now given even if earlier actions to manually trip
the reactor or insert control rods fail.

e The reactor trip breaker failure rates were now based on NUREG/CR-5500
(Reference 22) and then Bayesian updated using a more detailed analysis of Beaver
Valley Unit 1 actual plant experience.

e Motor operated valve failure rates were based on NUREG-1715 (Reference 23) to
develop a generic prior and then Bayesian updated using Beaver Valley Unit 1 actual
plant experience.

e The SSPS split fractions were now based on a CAFTA model using BVPS-2 plant
specific components and Westinghouse generic failure rates. This model was
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developed as part of the risk-informed application for the Unit 2 Slave Relay
Surveillance Test Interval Extension. These split fraction values were considered to
be a better estimate than the previous Unit 1 PRA models, which were based on the
Diablo Canyon SSPS model.

e The concerns of the PRA Peer Review on the interfacing system LOCA initiating
event frequency were addressed using the latest industry information from
NUREG/CR-5102 and NUREG/CR-5603. Additionally, the Monte Carlo value from
this revised model was used for the initiating event frequency.

e Each of the emergency diesel generators have 2.5% of unavailability associated with
them based on the then current INPO/WANO industry guidelines, which provides
more hours for future on-line maintenance.

Beaver Valley Unit 1 Revision 4

Beaver Valley Unit 1 Revision 4 was made with the following model modifications and
incorporated the Extended Power Uprate (EPU) to 2900 MWth, Replacement Steam
Generators (RSG), and Atmospheric Containment Conversion (ACC). The changes
resulted in an internal events core damage frequency of 3.98E-06 / year.

o The SGTR initiating event frequencies are now based on the replacement Model 54F
(Alloy 690) steam generators installed during 1R17, which have a lower rupture
frequency (6.96E-04 per SG per year) as opposed to the original Model 51 steam
generators (1.48E-03 per SG per year). These replacement SGTR initiating event
frequencies were calculated in 8700-DMC-1647,”Initiating Event Steam Generator
Tube Rupture Frequency for Beaver Valley Unit 1 Usage in PRA Modeling”
(Reference 11)

e The third train of station instrument air, consisting of an auto start, diesel driven
station air compressor is included in the PRA model. This system also provides an air
supply to the containment instrument air system.

e The emergency diesel generator unavailability is once again based on historical
BVPS unavailability, since extended on-line maintenance beyond 72-hours would
require the availability of an additional AC power source (i.e., spare diesel generator)
capable of supplying safe shutdown loads during a station blackout, per Licensing
Amendments 1A-268 & 2A-150. Therefore, it is believed that there is a low
probability that the extended AOT would ever be implemented.

e The initiating events data is based on Westinghouse WCAP-15210, Revision 1,
“Transient Initiated Event Operating History Database for U.S. Westinghouse NSSS
Plants (1987 — 1997)” to develop a generic prior and then Bayesian updated using
Beaver Valley Unit 1 actual plant experience from January 1, 1980 though December
31, 2005.

e The methodology used to calculate the human error probabilities (HEP) was changed
from the Success Likelihood Index Methodology (SLIM) to the EPRI HRA
Calculator. These new HEPs also used operator action timings based on plant
specific MAAP thermal hydraulic analysis that included the EPU, RSG, and ACC.
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e The updated model uses the latest NRC accepted methodology for determining RCP
Seal LOCAs. This methodology is based on Westinghouse’s WCAP-15603, Revision
1-A, (Reference 7). The use of this revision differs from the previous PRA model in
that the 57 gpm RCP seal LOCA probability was reassigned to the 182 gpm seal
LOCA, and now has a zero probability. This is due to the NRC review of the WCAP,
which concluded that given the failure of the second stage seal the third stage seal
failure probability is unity, since it is not designed to handle more than the normal
operating pressure differential of a few psid. However, with this new RCP Seal
LOCA model there is now a 79% probability that the seal leakage will not exceed 21
gpm per RCP during the loss of all seal cooling condition, which accounts for the
installed high-temperature o-rings on all three RCPs.

e The revised RCP Seal LOCA frequency also includes plant specific thermal hydraulic
analyses performed with MAAP DBA and accounts for full EPU conditions.
Sequences that do not go to core melt during a 48 hour period, given that AFW or
Dedicated AFW is available, are not counted as core damage sequences, since it is
believed that an alternate source of power could be provided within this time frame to
maintain the reactor in a safe stable state. These analyses were performed for both
Station Blackout and loss of all river water scenarios.

e The loss of offsite power (LOSP) initiating event is now broken down into five
separate initiators; (1) plant-centered, (2) grid-centered, (3) switchyard centered, (4)
severe weather related, and (5) extreme weather related. The basis for these initiating
event frequencies comes from NUREG/CR-INEEL/EXT-04-02326, “Evaluation of
Loss of Offsite Power Events at Nuclear Power Plants: 1986 — 2003 (Draft),”
(Reference 12) that were Bayesian updated with BVPS-1 plant specific data.

e The offsite power restoration probability curves used in the electric power recovery
analyses are also based on NUREG/CR-INEEL/EXT-04-02326 potential bus
restoration data using a composite curve. The composite curve is a frequency-
weighted average of the four individual LOSP category curves (it excluded the
extreme weather related data), which was Bayesian updated with plant-specific LOSP
frequencies. The electric power recovery factors are not credited for extreme weather
related LOSP initiators.

e The consequential loss of offsite power probability following reactor trips was
updated based on more recent industry and expert opinion data sources.
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3.1.2 External Events

For external events, the development of a list of possible scenarios is similar to that for internal
events. Because of this, the models for external events can take advantage of much of the work
completed for internal events. Rather than develop new event trees for external events, use is
made of the most appropriate event trees developed earlier for internal events. Only the changes
needed to account for the unique aspects of the external events are required.

3.1.2.1 Internal Fires

The fire analysis employs a scenario-based approach that meets the intent of NUREG-1407 to
systematically identify fire and smoke hazards and their associated risk impact to BVPS-1. The
analysis was divided into two phases: (1) a spatial interactions analysis phase and (2) a detailed
analysis phase. In the spatial interactions analysis phase, one or more fire and smoke hazard
scenarios were developed for each plant location that can potentially initiate a plant transient or
affect the ability of the plant to mitigate an accident. The scenarios developed in this phase are
called location scenarios. Conservative assumptions were made in the assessment of scenario
impacts to screen out location scenarios that have a relatively insignificant impact on plant
safety.

In the detailed analysis phase, detailed scenarios were developed for the location scenarios that
survived the spatial interactions analysis screening. One or several frequency reduction factors
(geometry factor, severity factor, fire nonsuppression factor, and nonrecovery factor) were
assessed for each detailed scenario. As each frequency reduction factor was assessed,
conservatism introduced in the earlier phase was reduced and the complexity of the analysis
progressively increased. Whenever one or more reduction factors led to the conclusion that the
risk associated with a detailed scenario was relatively insignificant, the analysis for that detailed
scenario would be halted. Each detailed scenario was evaluated iteratively until the scenario was
considered to be relatively risk insignificant or all frequency reduction factors were assessed.
The plant vulnerabilities to fire and smoke hazards were assessed by aggregating the risk impact
of the subscenarios. The frequency of fire and smoke hazard-initiated core damage sequences
was used as a measure of the potential for plant vulnerabilities.

The containment performance in response to fire threats, Fire Risk Scoping Study (FRSS) issues,
and other special safety issues were also evaluated. Risk management options could then be

identified to reduce the risk impact associated with these scenarios.

The major steps of the Beaver Valley Fire Individual Plant Examination for External Events
(IPEEE) are summarized as follows:

o Phase 1: Spatial Interactions Analysis

1. Information Gathering and Data Collection
2. Preliminary Screening and Identification of Important Locations
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3. Development of Location Scenarios
4. Quantitative Screening

e Phase 2: Detailed Analysis

5. Development and Analysis of Detailed Scenarios
6. Sensitivity/Uncertainty Analysis

7. Containment Performance Evaluation

8. Resolution of the FRSS and Other Safety Issues

The BVPS-1 Fire PRA has not been explicitly updated since the IPEEE. However, as the Fire
sequences are dependent on internal events modeling, the Fire sequences have implicitly been
partially updated with updates to the internal events models. Additionally, screened-out detailed
scenarios that were considered to be relatively risk insignificant in the IPEEE, but close to the
threshold (1.17E-07/yr at Unit 1), were reanalyzed and included in subsequent PRA model
revisions. Results of the Fire PRA for BVPS-1 are provided in the following Table 3.1.2.1-1

Table 3.1.2.1-1: Fire PRA Results
BVPS-1 PRA Model
Current Fire CDF (/year) 3.67E-06
IPEEE Fire CDF (/year) 1.75E-05

Beaver Valley Unit 1 IPEEE Information

From the IPEEE, there are no readily apparent vulnerabilities to fire events at BVPS-1.
The discussion that follows highlights the most significant contributors, in terms of how
the plant might be changed to reduce the already acceptable risk.

Two general areas for improvement are considered; i.e., the equipment impacts that may
result from fires in key areas, and the plant response to the most risk significant
postulated fires. The current controls in place at Beaver Valley are judged to be adequate
to limit the frequency of fires from internal plant sources.

The extent of equipment impacted by a fire depends on the originating location and to a
large extent the amount and arrangement of cables within the rooms affected. For many
of the key fire subscenarios identified, the equipment impacts are limited. For example,
both trains of river water may be disabled by the fire, but there may be no other plant
impacts. For such scenarios, repositioning of equipment or the rerouting of selected
cables may be effective at reducing the risks of core damage.

Possible changes that might affect the frequency of the top five fire subscenarios are
presented in Table 3.1.2.1-2 (extracted from Table 7-1 of the BVPS-1 IPEEE) for BVPS-
1. The frequency assessment of the key scenarios is consistent with the analysis in
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Appendix R (Reference 14), in that, for the key scenarios, it accounts for operator
recovery actions that may have been credited in the Appendix R analysis.
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3.1.2.2 Seismic Events

A PRA was performed for internal initiating events on the Beaver Valley Power Station in
satisfaction of the IPE requirements. To assess the risk contribution and significance of seismic-
initiated events to the total plant risk, it was determined that the PRA method would also be used
for the seismic analysis to meet the requirements of the IPEEE.

Beaver Valley selected the Seismic PRA option over the seismic margins option for the
following reasons:

o With the existing PRAs for internal events that were developed to support the IPE and the
decision to extend the PRA for all of the external events within the IPEEE scope, all severe
accident issues are addressed within the context of an integrated PRA model that consistently
treats all internal and external initiating events. This model rigorously accounts for all
accident sequences resulting from any combination of internal and external events. The
resulting risk information provided from this integrated approach was viewed as more useful
to DLC management to make decisions about allocating resources to manage the risks of
severe accidents.

o With the ability to link the Level 1 and Level 2 event trees as demonstrated in the IPE, the
selected PRA approach was found to provide a more rigorous examination of potential
containment vulnerabilities and seismic/systems interactions impacting containment
effectiveness than was possible using the seismic margins approach.

The methodology selected is consistent with PRAs performed with the procedures contained in
NUREG/CR-2300. In general, the methodology used in the analysis consisted of the following
main steps:

e Seismic Hazard Analysis. Determination of the frequency of various potential peak ground
accelerations (PGA) at the site, and an assessment of the likelihood of landslides and soil
liquefaction.

o Fragility Analysis. Determination of the conditional failure probability of risk-related plant
structures and components at peak ground accelerations.

o Plant Logic Analysis. Development of logic models that evaluate the potential structure and
component failure scenarios. The models include seismic-induced failures that may initiate
an accident scenario and may directly disable components or systems needed to successfully
terminate the scenario. The models also include potential failures and unavailabilities of
components due to nonseismic causes.

e Level 1/2 Integration. The linking of Level 1 seismic event trees with the Level 2
containment event tree for an integrated Level 2 PRA of seismic events and seismic/system
integrations to examine containment effectiveness.
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e Assembly and Quantification. Assembly of the seismic hazard, component fragilities and
nonseismic unavailabilities, and plant logic models, including model quantification to obtain
point estimates for core damage, plant damage state, release category, and scenario
frequencies that result from seismic-initiated events.

e Uncertainty Quantification. Calculation of probability distributions for category (Level 2
results) and core damage frequencies (Level 1 results) that can be combined with the results
from other initiating events.

The BVPS-1 Seismic PRA has not been explicitly updated since the IPEEE. However, as the
seismic sequences are dependent on internal events modeling, the seismic sequences have
implicitly been partially updated with updates to the internal events models. Additionally, the
BVPS-1 Revision 3 PRA model revised the component seismic fragilities based on the
September 10, 1999 response to the Nuclear Regulatory Commission's IPEEE Request for
Additional Information, dated July 8, 1999. This response noted that following a review of the
analysis, the BVPS median capacities for those structures and equipment for which the seismic
fragilities were directly calculated were overestimated by approximately 36%. Incorporating
these new component fragilities resulted in the modeling of additional Seismic Top Events, as
well as, increasing the failure probabilities. Results of the Seismic PRA for BVPS-1 are
provided in the following Table 3.1.2.2-1

Table 3.1.2.2-1: Seismic PRA Results
BVPS-1 PRA Model
Current Seismic CDF 1.19E-05
(/year)
IPEEE Seismic CDF 9.07E-06 (Original)
(/year) 1.29E-05 (RAI Revised)

Beaver Valley Unit 1 IPEEE Seismic Information

The IPEEE concluded that there are no readily apparent vulnerabilities to seismic events at
BVPS-1. The discussion that follows highlights the most significant contributors, in terms of
how the plant might be changed to reduce the already acceptable risk.

Two general areas for improvement were considered; i.e., the plant response to seismic-initiated
failures and the equipment seismic fragilities.

For the top 50 highest frequency core damage sequences in the original IPEEE submittal, the
conditional frequencies of core damage given the seismic initiating event and failures directly
attributable to it are all 1.0. In the large majority of these sequences, either the seismic failures
result in a station blackout, a loss of all DC control power, or the loss of all river water. In some
of the top sequences, there may be two or more failures, which if they occurred alone, would
each result in core damage. Therefore, it is concluded that options to improve the plant response
to seismic events would not be effective in limiting risk. This conclusion was also reached in the
IPEEE RAI response.
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Although the offsite power grid and the 125V DC ERF Substation battery are assessed as having
the weakest fragility curves of those modeled, the most risk significant seismic fragility is that of
the 125V DC battery room block walls. Failure of these walls is assumed to result in the loss of
both sets of emergency DC control power and eventual core damage. Enhancements to these
block walls were considered and are presented in Table 3.1.2-1 (extracted from Table 7-1 of the
BVPS-1 IPEEE) for BVPS-1.

Beaver Valley Unit 1 USI A-45 Resolution

Resolution of the external events portion of Unresolved Safety Issue A-45 was subsumed
into the IPEEE requirements that allow plant-specific evaluation of the safety adequacy
of decay heat removal systems.

The Beaver Valley Unit 1 PRA results provide indications of the importance of systems
that directly perform the decay heat removal function. The IPEEE indicates the
importance of systems that perform the decay heat removal function. Five classes of
systems were considered: main feedwater, auxiliary feedwater, bleed and feed cooling,
steam generator depressurization for RCS cooldown, and closed loop residual heat
removal. Importance is measured by the percentage of core damage frequency
attributable to sequences that involve failure of the indicated split fraction. The
importance measures are not additive because more than one of the ranked split fractions
may, and often do, fail in the same sequence.

Two event tree top events are used to represent the main feedwater system. Top

Event “MF” represents the hardware failure modes under normal operations and Top
Event “OF” represents the operator action to realign main feedwater after a plant trip,
given that auxiliary feedwater fails. The most important main feedwater system failures
occur in sequences for which main feedwater is lost due to the seismically caused loss of
its support systems, i.e., split fraction MFF.

Top Event “AF” represents the auxiliary feedwater system. The most important auxiliary
feedwater system failures are due to loss of all support systems to the motor-driven and
turbine-driven pumps.

Feed and bleed cooling is modeled by four separate event tree top events: Top

Event “HH” for the HHSI pumps, Top Event “HC” for the cold leg injection flow path,
Top Event “VL” for the path from the RWST, and Top Event “OB” that models the bleed
path via the pressurizer. Because of the credit taken for realigning the electric-driven
main feedwater pumps, the Beaver Valley Unit 1 design minimizes the frequency of
sequences involving failure of AFW and bleed and feed cooling, relative to other PWRs.
Three of these four top events (“HC”, “HH”, and “VL”) are also used to model high head
safety injection in the event of a small LOCA.

Top Event “CD” models the action to depressurize the steam generators in sequences
where it is desirable to cool down and depressurize the RCS. Steam generator
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depressurization helps to limit RCS leakage during a station blackout or a steam
generator tube rupture with a stuck-open secondary side valve. As can be seen from the
percentage of contribution listed in IPEEE Table 3-17, such failures are relatively
unimportant to the core damage frequency.

Finally, the importance of cooling via the residual heat removal system is also indicated
in IPEEE Table 3-17. The RHR system plays only a minor role in the determination of
the core melt frequency. By design, this system is tripped off on a Phase B containment
isolation signal. No sequences greater than 7.0E-09 per year involved failure of the

RHR.

In summary, no particular vulnerabilities of the Beaver Valley Unit 1 systems that are used to
perform decay heat removal have been identified. The majority of the seismic core damage
frequency at Beaver Valley Unit 1 comes from loss of emergency AC and DC power caused by
the seismic initiating event. No discernible frequency comes from failures of decay heat
removal.

3.1.2.3 Other External Events

NUREG-1407 recommends a screening type approach, as shown in Figure 3.1.2.3-1 (taken from
Figure 5-1 of NUREG-1407). The general methodology used at BVPS-1 follows the approach
recommended by NUREG-1407 and consists of the following steps:

Establishing a List of Plant-Specific Other External Events
Progressive Screening

Walkdown

Documentation
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RECOMMENDED IPEEE APPROACH
FOR WINDS, FLOODS, AND OTHERS

(1) Review Plant-Specific Hazard Data and Licensing Bases (FSAR)

l

(2) Identify Significant Changes, if Any, Since OL Issuance

A 4

No (3) Does Plant/Facilities Design Meet 1975 SRP Criteria? (Quick Screening Yes
¢ and Walkdown) >
Or Yes
——p| (4) Is the Hazard Frequency Acceptably Low? P
No l
Or Yes
—»| (5) Bounding Analysis (Response/Consequence) g
No l
Or

— | (6) Probabilistic Risk Assessment

:

(7) Documentation (including Identified Reportable ltems and Proposed y
Improvements)

Note: Steps 4 through 6 are optional.
Figure 3.1.2.3-1: NUREG-1407 Screening Approach
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Based on the results in the BVPS-1 IPEEE, it was concluded that the plant structures at the site
are well designed to withstand the high wind associated hazards and that no potential
vulnerability was identified.

Since the plant and facilities design meets the 1975 SRP criteria, and that there are no existing
plant changes that could affect the plant hazard data or the licensing bases with respect to
flooding, the core damage frequency due to external flooding was estimated to be less than
1.0E-06 per year for BVPS-1.

The NRC staff concluded, in the BVPS-2 IPEEE SER, that, according to GDC 4, GDC 19, and
SRP Section 2.2.3, the BVPS plant is adequately protected and acceptable with respect to
transportation and nearby facility hazards. This is also applicable to BVPS-1.

Based on the review of the lightning events that have occurred at the site, it was concluded that
they were less severe than a complete loss of offsite power to BVPS-1. Also, according to
Section 2.6 of NUREG-1407, the probability of a severe accident caused by lightning would be
relatively low. Therefore, lightning is an insignificant contributor to core damage frequency for
BVPS-1.

The contribution to the BVPS-1 total CDF from the other external events is less than 1.0E-06 per

year, and as concluded in the BVPS-1 IPEEE, there are no vulnerabilities to the other external
events at BVPS-1.

3.1.2.4 External Event Severe Accident Risk

External event severe accident risk assessment is integrated with the internal events risk; the
PRA includes both internal and external. This assessment approach provides the means to
evaluate SAMAs for both internal and external events impacts simultaneously without the need
to separately estimate the impact of the potential improvements on external events.

3.2 LEVEL 2 PLANT SPECIFIC MODEL

The Level 2 PRA model determines release frequency, severity, and timing based on the Level 1
PRA, containment performance, and accident progression analyses.

3.2.1 Description of Level 2 PRA Model

The accident sequence analysis defines the manner in which expected plant response to each
identified initiating event or initiating event category is represented and quantified. This
accounts for successes and failures of safety functions and related systems, and human actions to
determine whether or not core damage occurs. The result of the Level 1 accident sequence
analysis is the definition of a set of event trees used to represent and quantify the accident
sequences.
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The Level 2 analysis extends the Level 1 analysis to investigate the release category potential for
core damage end states found. A containment event tree (CET) is used to represent and quantify
the release category potential when quantified with the Level 1 event trees.

The Level 2 analysis is highly interdependent with other Probabilistic Risk Assessment tasks.
The accident sequence plant damage states (PDSs) define the categories of core damage
sequences to be considered in the Level 2 analysis. The event tree used to represent and quantify
the release category potential is linked to the event trees representing the Level 1 analysis.

Each end state of the plant model (front-end or Level 1) event trees defines an accident sequence
that results from an initiating event followed by the success or failure of various plant systems
and/or the success or failure of operators to respond to procedures or otherwise intervene to
mitigate the accident. Each accident sequence has a unique signature due to the particular
combination of top event successes and failures. Each accident sequence that results in core
damage could be evaluated explicitly in terms of the accident progression and the release of
radioactive materials, if any, into the environment. However, since there can be millions of such
sequences, it is impractical to perform thermal-hydraulic analyses and CET split-fraction
quantification for each accident sequence. Therefore, the Level 1 sequences are usually grouped
into PDS (or accident class) bins, each of which collects all of those sequences for which the
progression of core damage, the release of fission products from the fuel, the status of the
containment and its systems, and the potential for mitigating source terms are similar. A detailed
split-fraction analysis is then focused on specific sequences selected to represent risk-significant
bins.

PDS bins have been used as the entry states (similar to initiating events for the plant model event
trees) to the CETs. The PDS bins are characterized by thermodynamic conditions in the Reactor
Coolant System (RCS) and the containment at the onset of core damage, and the availability or
unavailability of both passive and active plant features that can terminate the accident or mitigate
the release of radioactive materials into the environment.

However, this was not the case in the BVPS-1 PRA models, where the CET was linked directly
to the Level 1 trees to generate the frequencies of the defined release categories. Although the
CET was linked directly to the Level 1 trees, the concept of PDSs was retained to minimize the
number of CET top event split fractions that must be calculated. Furthermore, the CET was
quantified separately for a number of key PDSs to facilitate debugging of the rules used for
assigning CET split fractions and binning sequences to appropriate release categories.

The PDSs are characterized in such a manner to facilitate Level 2 quantification. However, the
core damage frequency need not be characterized using the same PDS bins. In fact, Level 1
results have been characterized using much broader bin definitions.

Representative accident sequences must be selected to quantify split-fraction values for the CET.
If PDSs are defined, a representative accident sequence(s) is selected for each risk-significant
PDS. These representative sequences are analyzed in detail with appropriate thermal-hydraulic
and fission product transport codes such as the Modular Accident Analysis Program (MAAP),

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.1-28



Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

the Source Term Code Package (STCP), and/or the MELCOR program to characterize the timing
of important events (such as the onset of severe core damage and reactor vessel melt-through) as
well as the nature of the core damage, containment failure, and fission product release.

The BVIREV4 PDS groups are presented in Table 3.2.1-4.

PDS groups are evaluated in a Containment Event Tree. CET sequences are then grouped and
binned in previously defined release category bins based on sequence and containment
conditions as shown in Table 3.2.1-5 (Table 4.7-7 in the BVPS-1 IPE Summary Report
submittal).

The IPE source term evaluation was based on radionuclide releases of 20 Beaver Valley release
category bins plus an intact containment bin. However, in support of the SAMA, BVPS has
elected to upgrade the source release fractions for select bounding release categories based on
current plant specific MAAP-DBA analyses that account for EPU conditions. In support of
SAMA evaluations it is not necessary to run a MAAP case to represent each individual IPE
release class for BVPS (i.e., BV1 — BV21). The release categories identified in Table 3.2-1 are
those that are applicable to the plant’s Level 3 and SAMA evaluations and were re-evaluated
using MAAP-DBA. The specific MAAP cases provided in the table were judged to be sufficient
to represent each release category identified in the BVPS SAMA evaluation.

All MAAP-DBA cases were analyzed for 24 hours after the time of release, or demonstrated that
a complete release has been produced (i.e., at least 98% of the noble gases have been released
from containment).

The Level 2 quantification extends the Level 1 results of the Beaver Valley Unit 1 PRA to
include the Level 2 results. This extension has been accomplished by linking the CET (discussed
earlier in this section) to the Level 1 trees, and by assigning the end states of the linked Levels 1
and 2 trees to the appropriate release categories. For reporting, the release categories have been
binned into four groups, as shown in Table 3.2.1-1. Basic Event Importances (Table 3.2.1-2) and
Component Importances (Table 3.2.1-3) for the Large Early Release category group are provided
for information.

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.1-29



Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

Table 3.2.1-1: BVIREV4 Release Category Group Definition and Results
Associated CDF Percentage of
Release Type Description (per year) Total CDF

I Large, early containment 7.54E-08 0.4%
failures and bypasses

I Small, early containment 8.07E-06 41.3%
failures and bypasses

111 Late containment failures 1.04E-05 53.1%

v Long-term contained releases 1.01E-06 52%

(intact containment)
Total Plant CDF 1.95E-05 100%

Table 3.2.1-2: BV1REV4 Basic Event Importances for Total Plant LERF by Risk Reduction Worth

Rank | Basic Event Name Basic Event Description RRW* Associated
SAMA
1 OGXXXX Offsite Grid Fails Following Non-LOSP Initiator 4.67E+00 | AC Power
SAMAS
2 OPRSL3 Operator Fails to Gag Stuck Open SRV 1.52E+00 | SAMA
164
3 AVFCTVMSI101C TV-MS-101C Fails to Close on Demand 1.09E+00 | SGTR
SAMAS
4 AVFCTVMSI101B TV-MS-101B Fails to Close on Demand 1.09E+00 | SGTR
SAMAS
5 AVFCTVMSI101A TV-MS-101A Fails to Close on Demand 1.09E+00 | SGTR
SAMASs
6 [CBFD52BYA Common Cause Failure on Demand of Reactor Trip 1.05E+00 | ATWS
CBFD52BYB Breakers SAMASs
CBFD52RTA
CBFD52RTB]
7 CONTROLRODS Control Rods Fail to Insert 1.04E+00 | ATWS
SAMAS
8 SVFCSVMSI101C SV-MS-101C Fails to Close on Demand 1.04E+00 | SGTR
SAMAS
9 SVFCSVMS102C SV-MS-102C Fails to Close on Demand 1.04E+00 | SGTR
SAMAS
10 SVFCSVMS103C SV-MS-103C Fails to Close on Demand 1.04E+00 | SGTR
SAMAS

* The Risk Reduction Worth (RRW) is defined by the following Fussell-Vesley (FV) relationship:
RRW=1/(1-FV)
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Table 3.2.1-3: BV1IREV4 Component Importances for Total Plant LERF by Risk Reduction Worth

Associated
Rank | Component Name Component Description RRW#* SAMA
. . SGTR
1 TV-MS-101C Loop 1C Main Steam Trip Valve 1.09E+00 SAMAS
2 TV-MS-101B Loop 1B Main Steam Trip Valve 1.09E+00 SGTR
p p : SAMAs
3 TV-MS-101A Loop 1A Main Steam Trip Valve 1.09E+00 SGTR
p P : SAMAs
. ATWS
4 1F/L-B10-ROD Control Rods Fail to Insert 1.04E+00 SAMAS
. SGTR
5 SV-MS-101C SV-MS-101C Fails to Close on Demand 1.04E+00
SAMAs
. SGTR
6 SV-MS-102C SV-MS-102C Fails to Close on Demand 1.04E+00
SAMAs
. SGTR
7 SV-MS-103C SV-MS-103C Fails to Close on Demand 1.04E+00
SAMASs
: SGTR
8 SV-MS-101B SV-MS-101B Fails to Close on Demand 1.04E+00
SAMASs
: SGTR
9 SV-MS-102B SV-MS-102B Fails to Close on Demand 1.04E+00
SAMASs
: SGTR
10 SV-MS-103B SV-MS-103B Fails to Close on Demand 1.04E+00
SAMASs

* The Risk Reduction Worth (RRW) is defined by the following Fussell-Vesley (FV) relationship:
RRW=1/(1-FV)
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Table 3.2.1-6: BVPS Release Categories Reanalyzed Using MAAP-DBA

Release Assumed
IPE Release Category Description | Representative MAAP Accident Sequence | Containment
Category .
Failure Area
BVI High RCS Pressure, Early, Large, No SBO with no AFW and no sprays available. Large | f2
CHR. containment failure.
BV3 Med/Low RCS Pressure, Early, Large, LLOCA with no active injection and no sprays. 1 £
No CHR. Large containment failure.
BV High/Med RCS Pressure, Early, Small, SBO with no AFW and no sprays available. LOCI 0.1 f2
Partial/No CHR, Yes Aux. Building. with a small release through the aux. building. ’
Low RCS Pressure, Early, Small, LLOCA with no active injection and no sprays.
BV7 Partial/No CHR, Yes Aux. Building. LOCI with a small release through the aux. 0.1 ft?
building.
BV9 High/Med RCS Pressure, Late, Large, SBO with no AFW and no sprays available. Large | f2
No CHR. containment failure due to over-pressurization.
BV10 High/Med RCS Pressure, Late, Large, TLOFW with no active injection and partial sprays 12
Partial CHR. available. Large containment failure from H, burn.
Low RCS Pressure, Late, Large, Partial | LLOCA with no active injection and partial sprays )
BV12 . . . 1ft
CHR. available. Large containment failure from H, burn.
BVI3 High/Med RCS Pressure, Late, Small, SBO with no AFW and no sprays available. Small 02 f2
Partial/No CHR, Yes Aux. Building. containment failure due to over-pressurization. ’
Low RCS Pressure, Late, Small, LLOCA with no active injection and no sprays
BV15 Partial/No CHR, Yes Aux. Building. available. Small containment failure due to over- 0.2 ft*
pressurization.
BV17 High/Med/Low RCS Pressure, Late, SBO with no AFW and no sprays available. Failure 1 £
Small, Yes/Partial/No CHR, Ground. through base of containment.
High/Med/Low RCS Pressure, SGTR with a TLOFW, no active injection and no Containment
BV18 Large/Small Bypass, Yes/Partial/No sprays available. Direct release through stuck open Bypassed
CHR, Little or No Ex-Cont Retention. MSSVs, (DF=1.0)
Low RCS Pressure, Large Bypass, Large ISLOCA through low pressure injection Containment
Yes/Partial/No CHR, Moderate Ex-Cont. | system, no injection and no sprays available. Aux.
BV19 . s oy Bypassed
Retention. building release below water level (flooded building (DF=4.3)
provides scrubbing). '
BV20 High/Med RCS Pressure, Small Bypass, | Small ISLOCA through low pressure injection Containment
Yes/Partial/No CHR, Significant Ex- system, no injection and no sprays available. Aux. | Bypassed
Cont. Retention. building release below water level (flooded building | (DF=10)
provides scrubbing).
BV21 High RCS Pressure, Intact Containment, | SLOCA with a TLOFW, no injection during 2.5E-05 ft?
CHR available. recirculation and sprays available. No containment | (Based on 0.1%
failure. volume / day
leakage)
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3.2.2 Level 2 PRA Model Changes Since IPE Submittal

The major Level 2 changes incorporated into each revision of the Beaver Valley Unit 1 PRA
model are discussed below. The individual affect on risk by incorporating each of these changes
has not been analyzed.

Beaver Valley Unit 1 Revision 0

This revision represents the base case IPE quantification and resulted in a large early release
frequency of 1.06E-05 / year for internal events.

Beaver Valley Unit 1 Revision 1

This revision represents the base case IPEEE quantification and resulted in a large early release
frequency of 5.85E-06 / year for internal events. This reduction in LERF was due to Level 1
PRA model changes. There were no changes to the Level 2 PRA model.

Beaver Valley Unit 1 Revision 2

There was only 1 major Level 2 change incorporated into this updated BVPS-1 PRA model.
This change was implemented due to a reevaluation of the impact of direct containment heating
(DCH) on the frequency of large, early releases at Beaver Valley Units 1 and 2.

The Direct Containment Heating issue was identified in the NRC’s Revised Severe Accident
Research Plan as an important issue for resolution because of its potential for early containment
failures. DCH was recognized to be a potential by which sensible heat energy can be transferred
directly to the reactor vessel and subsequent blowdown of the molten debris and RCS fluids into
the containment atmosphere. If the RCS pressure is sufficiently high, the blowdown of the RCS
fluid through an opening in the bottom head of the reactor vessel can entrain molten core debris
in the high-velocity blowdown gas and eject fragmented particles from the reactor cavity into the
containment. This series of events is referred to as high pressure melt ejection.

The Beaver Valley IPE submittals were based on an understanding of DCH phenomena as it was
portrayed in the documentation (NUREG-1150 and NUREG/CR-4551) for the NRC’s
probabilistic assessment of severe accidents of five plants. Since that time, the state of
knowledge regarding DCH phenomena evolved as additional experiments and analyses were
performed. Two subsequent reports, NUREG/CR-6109 (Reference 17) and NUREG/CR-6338
(Reference 18) were issued by the NRC that relate to the resolution of DCH for Westinghouse
plants with large, dry containments, including the Beaver Valley subatmospheric containments.

The conclusion of these reports is that the intermediate compartment traps most of the debris
dispersed from the reactor cavity and that the thermal-chemical interactions during this dispersal
process are limited by the incoherence in the steam blowdown and melt entrainment process.
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Based on these new reports, the split fraction values for determining large, early containment
failures (i.e., the product of C2 and L2) have reduction factors ranging from approximately 42 to
more than 30,000 when compared to the IPE submittal.

This change to the Level 2 model contributed to a large early release frequency of
7.06E-07 / year for internal events.

Beaver Valley Unit 1 Revision 3

Beaver Valley Unit 1 Revision 3 was made with the following model modifications. These
changes contributed to a large early release frequency of 9.98E-07 / year for internal events.

There were four major Level 2 changes incorporated into the updated Beaver Valley Unit 1 PRA
model. Three of these changes dealt with sequences involving induced SGTRs, large
containment failures due to early hydrogen burns, and large containment failures due to alpha-
mode (in-vessel steam explosions). Based on Westinghouse and industry state-of-the-art
knowledge of these containment phenomenologies, it was then believed that the probabilities of
these occurring are extremely low for large, dry containments (that is, non ice-condenser) and are
not credible in large containment failures or bypasses.

The fourth change altered the way steam generator tube ruptures were accounted for in the LERF
definition. In this PRA model update, only steam generator tube ruptures sequences that have a
depleted RWST or have a loss of all secondary cooling were considered to be LERF
contributors. It was assumed that leakage from the RCS would continue indefinitely through the
faulted steam generator and the core would uncover after the RWST depletes. This is in
agreement with WCAP-15955 (Reference 19), “Steam Generator Tube Rupture PRA Notebook™.

Beaver Valley Unit 1 Revision 4

There were no specific changes to the Beaver Valley Unit 1 Level 2 model in this revision.
Changes to the Level 1 model resulted in a large early release frequency of 7.41E-08 / year for
internal events.

Based on a review that was performed to identify the effects of the EPU and the contributors to
the Large Early Release conditional probability, there were no Level 2 changes required due to
the BVPS-1 containment conversion. The sub-atmospheric containment modeling in the
previous BVPS-1 PRAs assumed no large pre-existing containment isolation failures, due to the
inability to maintain a containment vacuum. This assumption remains valid for EPU and the
slightly subatmospheric conditions now existing, as the containment vacuum pumps are not
expected to maintain the slightly sub-atmospheric condition for large pre-existing containment
isolation failures, as well.

However, there were two major contributors to the reduction in the Level 2 LERF incorporated
into the updated BVPS-1 PRA model. These consisted of the replacement steam generators
installed during 1R17, and taking credit for improved procedures for isolating LOCAs outside
containment. Since the replacement steam generators have a lower tube rupture frequency, the
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contribution to LERF via containment bypass events initiated by SGTRs that are either faulted
with the RWST depleted or with failures of auxiliary feedwater that lead to an unscrubbed
release, is reduced. The other major reduction in LERF is due to taking credit for operators to
isolate another type of containment bypass event, initiated by interfacing systems LOCAs
outside containment. This guidance is provided in emergency operating procedure ECA-1.2
"LOCA Outside Containment", which was enhanced to have operators identify and isolate the
break by closing MOV-1SI-890C, the low head safety injection (LHSI) valve to the RCS cold
legs. Performing this action would terminate the most probable interfacing systems LOCA break
f low, which is postulated to occur in the LHSI lines; thereby, reducing its contribution to LERF.

3.3 MODEL REVIEW SUMMARY

Regulatory Guide (RG) 1.174 (Reference 38), Section 2.2.3 states that 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, and that these are to be commensurate with the
application for which it is intended.

The PRA technical acceptability of the model used in the development of this Severe Accident
Mitigation Alternatives application has been demonstrated by a peer review process. The peer
review was conducted in July 2002, by the [former] Westinghouse Owner’s Group, with the final
documentation of the review issued in December 2002. The overall conclusions of the peer
review were:

All of the technical elements were graded as sufficient to support applications requiring
the capabilities defined for grade 2. The BVPS PRA thus provides an appropriate and
sufficiently robust tool to support such activities as Maintenance Rule implementation,
supported as necessary by deterministic insights and plant expert panel input.

All of the elements were further graded as sufficient to support applications requiring the
capabilities defined for grade 3, e.g., risk-informed applications supported by
deterministic insights but in some cases this is contingent upon implementation of
recommended enhancements.

After the peer review, the preliminary Category A and B facts and observations that potentially
impacted the model were entered into the BVPS Corrective Action Program, dispositioned, and
incorporated into updated PRA model. Although the facts and observations (F&Os) were written
for the BVPS-2 model, if applicable, the resolution was applied to the BVPS-1 model as well.
All Category A and B F&Os were implemented on Unit 1. Those models have since undergone
another revision, but the incorporated resolution of Category A and B F&Os were maintained in
the revision. The BVPS-1 Category A facts and F&Os and dispositions are summarized in the
following paragraphs.

In addition, FENOC provided summaries of the BVPS Peer Review Category A and B F&Os in
the following previously docketed letters:
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e Pearce/USNRC, Beaver Valley Power Station, Unit No. 2, BV-2 Docket No. 50-
412, License No. NPF-73, Response to a Request for Additional Information in
Support of License Amendment Requests No. 180, dated October 24, 2003, Serial
L-03-160.

e Pearce/USNRC, Beaver Valley Power Station, Unit No. 1 and No. 2, BV-1
Docket No. 50-334, License No. DPR-66 and BV-2 Docket No. 50-412, License
No. NPF-73, Response to a Request for Additional Information in Support of
License Amendment Requests Nos. 306 and 176, dated October 29, 2004, Serial
L-04-141.

Category A Observations

F&O 1

Summary: This observation was identified in the Accident Sequence Analysis Sub-
element regarding the RCP seal LOCA model. It was recognized that the BVPS RCP
seal LOCA model used the WOG 2000 as a basis, but in a way that is more optimistic
than most other Westinghouse plants. The BV2ZREV3A PRA model, RCP seal LOCA
success criteria was developed from best estimate MA AP runs performed specifically for
BVPS-2. Since certain MAAP results did not go to core uncovery in the assumed 24-
hour mission time for the smaller break seal LOCA sizes, they were binned into the
success (non CDF) end state, even though electric power or service water was not
restored. The peer review team felt that additional MAAP analyses should be performed
to investigate the impact of varying MAAP input parameters on the resultant time to core
uncovery, and extend the run time to show stable plant conditions.

Resolution: Additional MAAP uncertainty cases for BVPS-1 were performed using
pessimistically biased values along with setting input parameters to their high or low
limits. These cases were run out to 48-hours or until core damage occurred. The success
state for the BVIREV3 PRA model was redefined as any case (including uncertainties)
that did not go to core damage before 48-hours. For cases that went to core damage
before 48-hours but after 24-hours, additional electric power recovery values were used,
based on NUREG/CR-5496. For cases that lead to core uncovery before 24-hours, a
plant specific electric power recovery model was used. If electric power recovery was
successful for these cases, the sequence was also binned to the success end state.

F&O 2

Summary: This observation was identified in the Human Reliability Analysis (HRA),
Post-Initiator Human Actions Sub-element. It was observed that the BVPS human error
rates were developed using the Success Likelihood Index Methodology (SLIM) based on
calibration curves from other plant HRAs from the mid-1980’s. The peer review team
recommended that these calibration curves be updated with current operator performance
in the nuclear power industry.

Resolution:  As a resolution to this PRA Peer Review observation all operator actions
having a Risk Achievement Worth (RAW) greater than 2 (generally accepted as the risk

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.1-38



Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

significant threshold) were compared to similar actions for all Westinghouse plants by
using the WOG/B&WOG PRA Comparison Database (Revisions 2 and 3). Additionally,
a smaller subset of these plants was also looked at. These consisted of; Westinghouse 3-
loop plants (since these were assumed to have similar operation action completion times
based on plant power to heatup volume ratios), plants that also used the SLIM process,
and Indian Point 2, which received a superior finding in their Human Reliability Analysis
peer review.

The results of this comparison show that for the operator actions that were compared, the
human error rates used in the BVIREV3 PRA model are all within the range of both
comparison groups defined above. It is therefore believed that the basic error curves used
in the calibration of the BVIREV3 HRA are not grossly out of date, and that the current
human error rates used in the PRA model are acceptable as is. Moreover, as a final
resolution to this observation, future BVPS PRA models will use the EPRI HRA
Calculator, which uses a more current and robust methodology.

F&O 3

Summary: This observation was identified in the Human Reliability Analysis,
Dependence Among Actions Sub-element. It was observed that the BVPS HRA did not
have a documented process to perform a systematic search for dependent human actions
credited on individual sequences and a method to adjust dependencies between multiple
human error rates in the same sequence. The peer review team recommended that a
robust technique be developed, documented, and used for the identification and
quantification of dependent human error rates (HERS).

Resolution: In the initial development of the IPE HRA, an effort was made to
eliminate the dependency between human actions by adjusting the split fraction value of
the second dependent action, given that the first action failed. For example, if the
operators failed to manually reestablish Main Feedwater following the failure of
Auxiliary Feedwater, the human error rate for implementing Bleed and Feed cooling later
in the accident progression was adjusted upwards. If the dependent actions were required
to take place in the same period of time during the accident progression, the second
dependent action was assigned to be a guaranteed failure. For example, if the operators
failed to cooldown and depressurize the RCS by using the secondary coolant system, no
credit was given to the operators to depressurize the RCS using the Pressurizer PORVs.

However, as a resolution to this PRA Peer Review observation a method was established
to verify that all dependent operator actions were captured by reviewing sequences with
two or more failed split fractions that have a contribution from human actions. Of the
sequences reviewed, the human actions were either previously adjusted during the IPE
HRA, or were determined to be independent between split fractions. This independence
was based on the actions not being conducted by the same set of operators (e.g., control
room Reactor Operator action vs. local Auxiliary Plant Operator action), or different
procedures being used separated by sufficient time in the accident progression (e.g.,
actions to makeup to the RWST given SI recirculation failures, following operator
actions to align a spare Service Water pump earlier in the accident sequence progression).
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Human actions that are modeled in a single top event have appropriate dependencies
modeled in the event tree logic and rules. Moreover, as a final resolution to this
observation, future BVPS PRA models will use the EPRI HRA Calculator, which uses a
more current and robust methodology to identify human action dependencies.

3.4 LEVEL 3 PRA MODEL

The BVPS-1/2 Level 3 PRA model determines off-site dose and economic impacts of severe
accidents based on the Level 1 PRA results, the Level 2 PRA results, atmospheric transport,
mitigating actions, dose accumulation, early and latent health effects, and economic analyses.

The MELCOR Accident Consequence Code System (MACCS2) Version 1.13.1 was used to
perform the calculations of the off-site consequences of a severe accident. This code is
documented in NUREG/CR-6613 (Reference 28), “Code Manual for MACCS2: Volumes 1 and
2"’

Plant-specific release data included the time-dependent nuclide distribution of releases and
release frequencies. The behavior of the population during a release (evacuation parameters)
was based on plant and site-specific set points. These data were used in combination with site-
specific meteorology to simulate the probability distribution of impact risks (both exposures and
economic effects) to the surrounding 50-mile radius population as a result of the release accident
sequences at Beaver Valley.

The following sections describe input data for the MACCS2 (Reference 28) analysis tool. The
analyses are provided in References 32-35.

3.4.1 Population Distribution

The population surrounding the Beaver Valley Power Station site, up to a 50 mile radius, was
estimated based on the most recent United States Census Bureau decennial census data. Details
are provided in “Calculation Package for Population Projections — Beaver Valley Power Station”
(Reference 29). The population distribution was estimated in 9 concentric bands at 0 to 1 mile,

1 to 2 miles, 2 to 5 miles, 5 to 10 miles, 10 to 15 miles, 15 to 20 miles, 20 to 30 miles, 30 to

40 miles, and 40 to 50 miles, and 16 directional sectors with each direction consisting of

22.5 degrees. The population was projected to the year 2047 by calculating an annual growth rate
for each county in the 50 mile radius derived from state and national population projections.
Geometric growth rates were calculated for each county in Ohio and Pennsylvania based on 2030
county projections. However, if the county population had decreased from 2000 to 2030, it was
assumed there was no growth through 2030 (i.e., the 2030 population was equal to the 2000
population), and the national growth rate was applied from 2030 to 2047 to obtain an overall
multiplier fore the 2047 projection. For West Virginia, projections were available through 2050.
The annual growth rate was applied to obtain a 2047 multiplier, unless a negative growth rate
existed, in which case no growth was assumed. The population distribution used in this analysis
is provided in the following table.
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Table 3.4.1-1 Population Projections Used in SAMA Analysis

From Radius To Radius Direction Code 2000 Population | 2047 Population
0 1 N 1 0 0
0 1 NNE 2 0 0
0 1 NE 3 93 110
0 1 ENE 4 38 45
0 1 E 5 88 104
0 1 ESE 6 0 0
0 1 SE 7 7 8
0 1 SSE 8 0 0
0 1 S 9 0 0
0 1 SSW 10 0 0
0 1 SW 11 2 2
0 1 WSW 12 0 0
0 1 W 13 0 0
0 1 WNW 14 0 0
0 1 NW 15 132 156
0 1 NNW 16 53 63
1 2 N 17 197 232
1 2 NNE 18 62 73
1 2 NE 19 4 5
1 2 ENE 20 7 8
1 2 E 21 74 87
1 2 ESE 22 64 76
1 2 SE 23 116 137
1 2 SSE 24 22 26
1 2 S 25 18 21
1 2 SSW 26 35 41
1 2 SW 27 25 30
1 2 WSW 28 73 86
1 2 W 29 141 166
1 2 WNW 30 0 0
1 2 NW 31 1,651 1,948
1 2 NNW 32 470 555
2 5 N 33 835 985
2 5 NNE 34 1,016 1,199
2 5 NE 35 1,130 1,333
2 5 ENE 36 683 806
2 5 E 37 1,039 1,226
2 5 ESE 38 713 841
2 5 SE 39 284 335
2 5 SSE 40 637 752
2 5 S 41 486 573
2 5 SSW 42 742 876
2 5 SW 43 619 730
2 5 WSW 44 217 256
2 5 W 45 723 853
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Table 3.4.1-1 Population Projections Used in SAMA Analysis (Cont.)

From Radius To Radius Direction Code 2000 Population | 2047 Population
2 5 WNW 46 802 946
2 5 NW 47 1,753 2,069
2 5 NNW 48 573 676
5 10 N 49 2,317 2,734
5 10 NNE 50 3,875 4,573
5 10 NE 51 18,262 21,549
5 10 ENE 52 14,995 17,694
5 10 E 53 19,461 22,964
5 10 ESE 54 7,307 8,606
5 10 SE 55 1,589 1,840
5 10 SSE 56 1,777 2,090
5 10 S 57 4,734 5,586
5 10 SSW 58 1,284 1,512
5 10 SW 59 3,604 3,875
5 10 WSW 60 1,886 1,918
5 10 W 61 19,534 21,213
5 10 WNW 62 7,332 8,652
5 10 NW 63 2,156 2,544
5 10 NNW 64 1,283 1,514
10 15 N 65 4,297 5,070
10 15 NNE 66 20,102 23,720
10 15 NE 67 18,866 22,262
10 15 ENE 68 13,403 15,810
10 15 E 69 18,133 20,507
10 15 ESE 70 31,028 31,750
10 15 SE 71 5,136 5,187
10 15 SSE 72 1,105 1,132
10 15 S 73 1,064 1,099
10 15 SSW 74 5,120 5,285
10 15 SW 75 9,357 9,802
10 15 WSW 76 1,931 2,095
10 15 W 77 6,926 7,980
10 15 WNW 78 3,491 4,119
10 15 NwW 79 2,716 3,205
10 15 NNW 80 1,975 2,331
15 20 N 81 2,679 3,161
15 20 NNE 82 19,651 23,188
15 20 NE 83 8,256 10,097
15 20 ENE 84 26,225 35,104
15 20 E 85 20,890 21,130
15 20 ESE 86 32,047 32,367
15 20 SE 87 20,102 20,303
15 20 SSE 88 5,210 5,342
15 20 S 89 5,479 5,643
15 20 SSwW 90 23,299 23,522
15 20 SW 91 6,325 7,364
15 20 WSW 92 1,568 1,850
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Table 3.4.1-1 Population Projections Used in SAMA Analysis (Cont.)

From Radius To Radius Direction Code 2000 Population | 2047 Population
15 20 W 93 1,535 1,811
15 20 WNW 94 3,151 3,718
15 20 NwW 95 5,793 6,836
15 20 NNW 96 9,801 11,565
20 30 N 97 40,448 47,729
20 30 NNE 98 25,927 31,193
20 30 NE 99 11,544 15,668
20 30 ENE 100 26,859 36,797
20 30 E 101 73,055 77,064
20 30 ESE 102 410,196 414,298
20 30 SE 103 227,938 230,716
20 30 SSE 104 39,083 40,229
20 30 S 105 5,494 5,656
20 30 SSW 106 38,710 41,558
20 30 SW 107 20,523 24,217
20 30 WSW 108 5,090 6,155
20 30 W 109 4,182 5,480
20 30 WNW 110 10,727 12,776
20 30 NW 111 33,243 39,227
20 30 NNW 112 38,242 45,126
30 40 N 113 27,393 32,324
30 40 NNE 114 14,394 17,649
30 40 NE 115 20,468 28,041
30 40 ENE 116 52,734 72,065
30 40 E 117 88,641 97,229
30 40 ESE 118 343,130 347,829
30 40 SE 119 114,676 116,792
30 40 SSE 120 49,039 50,510
30 40 S 121 10,274 10,553
30 40 SSW 122 35,720 38,675
30 40 SW 123 10,554 12,454
30 40 WSW 124 6,314 8,164
30 40 W 125 15,333 21,441
30 40 WNW 126 25,741 30,543
30 40 NW 127 19,379 22,864
30 40 NNW 128 218,945 258,355
40 50 N 129 67,035 79,101
40 50 NNE 130 26,361 31,533
40 50 NE 131 9,705 13,035
40 50 ENE 132 31,197 37,772
40 50 E 133 43,404 48,911
40 50 ESE 134 115,071 120,818
40 50 SE 135 79,774 83,809
40 50 SSE 136 21,216 21,842
40 50 S 137 5,221 5,321
40 50 SSwW 138 72,617 79,681
40 50 SW 139 12,337 14,558
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Table 3.4.1-1 Population Projections Used in SAMA Analysis (Cont.)

From Radius To Radius Direction Code 2000 Population | 2047 Population
40 50 WSW 140 9,276 11,210
40 50 \Y 141 19,628 24,920
40 50 WNW 142 83,296 97,999
40 50 NW 143 26,594 30,210
40 50 NNW 144 123,093 145,250
Total 3,273,502 3,607,001
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3.4.2 Economic Data

The Environmental Protection Agency’s computer program SECPOP was the basis for the
economic data used in the offsite evaluations done in this analysis. This code utilized county
economic factors derived from the 2000 census and various other government sources dated
1997 to 1999. For the preparation of data for the Beaver Valley model, the county data file was
updated to circa 2002 for the 23 counties within 50 miles of the plant. Reference 33 provides the
input data used in this analysis:

Variable Description BVPS 1/2 Value
DPRATE" Property depreciation rate (per yr) 0.20
DSRATE" Investment rate of return (per yr) 0.12
EVACST®? Daily cost for a person who has been evacuated ($/person-day) $49
POPCST® Population relocation cost ($/person) $13,727
RELCST® Daily cost for a person who is relocated ($/person-day) $49
CDFRM® Cost of . fa.rm decontamination for various levels of $1.169 & $2.598

decontamination ($/hectare)
CDNFRM® Cost of non-farm decontamination per resident person for $6,236 &
various levels of decontamination ($/person) $16,630
DLBCST® Average cost of decontamination labor $72,756
($/man-year)
VALWEF? Value of farm wealth ($/hectare) $6,957
VALWNE® Value of non-farm wealth average in US ($/person) $181,881

" DPRATE and DSRATE are based on MACCS?2 Users Manual (Reference 28)
@ Calc 17676-0002 “Beaver Valley Power Station - MACCS2 Input Data”.

3.4.3 Nuclide Release

The equilibrium core inventory was assumed at the end of a fuel cycle with fuel from three
different fuel cycles in equal proportions. It was originally developed using ORIGEN-S as
described in the BVPS Containment Conversion Licensing Report (Reference 31).

The following table provides the inventory of the core at shutdown used in this analysis. This
information is from Reference 30, Section 5.2.3.3
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Table 3.4.3-1 Core Inventory

Nuclide Core Inventory (Curies)
Ag-111 5.05E+6
Ag-112 2.28E+6
Am-241 1.17E+4
Am-242 7.04E+6
Am-244 1.89E+7
Ba-137m 9.35E+6
Ba-139 1.41E+8
Ba-140 1.42E+8
Br-82 3.02E+5
Br-83 9.37E+6
Ce-141 1.30E+8
Ce-143 1.21E+8
Ce-144 9.82E+7
Cm-242 2.42E+6
Cm-244 5.97E+5
Cs-134 1.57E+7
Cs-134m 3.69E+6
Cs-135m 4.39E+6
Cs-136 4.97E+6
Cs-137 9.81E+6
Cs-138 1.48E+8
Eu-156 2.29E+7
Eu-157 2.41E+6
H-3 4.36E+4
1-129 2.86E+0
1-130 2.07E+6
1-131 7.78E+7
1-132 1.14E+8
1-133 1.60E+8
1-134 1.77E+8
1-135 1.52E+8
Kr-83m 9.46E+6
Kr-85 8.27E+5
Kr-85m 1.95E+7
Kr-87 3.91E+7
Kr-88 5.43E+7
La-140 1.46E+8
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Table 3.4.3-1 Core Inventory (Cont.)

Nuclide Core Inventory (Curies)
La-141 1.29E+8
La-142 1.26E+8
La-143 1.20E+8
Mo-101 1.33E+8
Mo-99 1.45E+8
Nb-95 1.34E+8
Nb-95m 1.52E+6
Nb-97 1.27E+8
Nb-97m 1.19E+8
Nd-147 5.22E+7
Nd-149 3.02E+7
Nd-151 1.58E+7
Np-238 3.98E+7
Np-239 1.66E+9
Np-240 4.32E+6
Pd-109 3.26E+7
Pm-147 1.38E+7
Pm-148 1.41E+7
Pm-148m 2.37E+6
Pm-149 4.82E+7
Pm-151 1.60E+7
Pr-142 5.57E+6
Pr-143 1.18E+8
Pr-144 9.89E+7
Pr-144m 1.38E+6
Pr-147 5.18E+7
Pu-238 3.40E+5
Pu-239 2.86E+4
Pu-240 3.87E+4
Pu-241 1.13E+7
Pu-242 2.01E+2
Pu-243 4.23E+7
Rb-86 1.69E+5
Rb-88 5.57E+7
Rb-89 7.26E+7
Rh-103m 1.26E+8
Rh-105 8.16E+7
Rh-106 5.13E+7
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Table 3.4.3-1 Core Inventory (Cont.)

Nuclide Core Inventory (Curies)
Ru-103 1.26E+8
Ru-105 8.90E+7
Ru-106 4.63E+7
Sb-127 6.92E+6
Sb-129 2.52E+7
Sb-130 8.37E+6
Sb-131 6.09E+7
Se-83 4.42E+6
Sm-153 4.02E+7
Sm-155 3.11E+6
Sm-156 1.93E+6
Sn-127 2.78E+6
Sr-89 7.61E+7
Sr-90 7.21E+6
Sr-91 9.50E+7
Sr-92 1.01E+8
Tc-101 1.33E+8
Tc-104 1.05E+8
Tc-99m 1.29E+8
Te-127 6.81E+6
Te-127m 1.13E+6
Te-129 2.40E+7
Te-129m 4 87E+6
Te-131 6.54E+7
Te-131m 1.57E+7
Te-132 1.12E+8
Te-133 8.66E+7
Te-133m 7.12E+7
Te-134 1.41E+8
U-239 1.66E+9
Xe-131m 1.08E+6
Xe-133 1.60E+8
Xe-133m 5.05E+6
Xe-135 4.84E+7
Xe-135m 3.36E+7
Xe-138 1.36E+8
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Table 3.4.3-1 Core Inventory (Cont.)

Nuclide Core Inventory (Curies)
Y-90 7.49E+6
Y-91 9.87E+7
Y-91m 5.51E+7
Y-92 1.02E+8
Y-93 7.73E+7
Y-94 1.23E+8
Y-95 1.28E+8
7r-95 1.33E+8
7r-97 1.26E+8
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Table 3.4.3-2 provides a description of the release characteristics evaluated in this analysis.

Table 3.4.3-2 Release Descriptions

Release | Representative| MACCS2 Plume Energy Energy Rel.e ase | Time of Duration Alarm

Categor Bins Run Code | Number Level Level | Height | Release (hr) | Delay (hr)
gory (cal/sec) (W) (m) (hr) y
Variable NUMREL PLHEAT | PLHITE | PDELAY | PLUDUR | OALARM
INTACT BV21 A 1 454 1.90E+03 43.7 4 4 4
INTACT BV21 A 2 262.84 1.10E+03 43.7 8 20 4

VSEQ-ECF BVI19 B 1 3.75E+07 | 1.57E+08 32 2 0.5 1
SGTR-ECF BV18 C 1 8.48E+07 | 3.55E+08 | 26.82 8 0.5 1
DCH-ECF | BVI,BV3 D 1 6.59E+07 | 2.76E+08 | 43.7 3 4 1

VSEQ-

SECE BV20 E 1 1.00E+06 | 4.19E+06 32 3 1 1
LOCI-SECF BV7 F 1 2.15E+06 | 9.00E+06 12 1.5 0.5 1
LOCI-SECF BV7 F 2 1.12E+06 | 4.69E+06 12 2 9.5 1
BV5-SECF BV5 K 1 2.15E+06 | 9.00E+06 | 43.7 1.5 0.5 1
BV5-SECF BV5 K 2 1.12E+06 | 4.69E+06 | 43.7 2 9.5 1
Large-Late | BV10,BV12 G 1 6.59E+07 | 2.76E+08 43.7 10 0.5 4
Large-Late | BV10, BV12 G 2 1.27E+07 | 5.32B+07 | 43.7 10.5 3 4
Small-Late | BV13, BV15 H 1 1.31E+07 | 5.49E+07 | 43.7 25 0.5 4
Small-Late | BV13, BV15 H 2 2.63E+06 | 1.10E+07 | 43.7 25.5 9.5 4
HZL]z’t‘::m' BV9 I 1 6.59E+07 | 2.76E+08 | 43.7 10 0.5 4
HzLilem‘ BV9 I 2 127E+07 | 5.32E+07 | 437 10.5 35 4

BI\L/[;\AteT' BV17 J 1 6.59E+07 | 2.76E+08 0 24 1 4
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3.4.4 Emergency Response

A reactor scram signal begins each evaluated accident sequence. A General Emergency is
declared when plant conditions degrade to the point where it is judged that there is a credible risk
to the public. Therefore, the timing of the General Emergency declaration is sequence specific
and alarms range from 1 to 4 hours for the release sequences evaluated.

The MACCS2 User’s Guide input parameters of 95 percent of the population within 10 miles of
the plant [Emergency Planning Zone (EPZ)] evacuating and 5 percent not evacuating were
employed. These values have been used in similar studies (e.g., Hatch, Calvert Cliffs, (SNOC
2000) and (BGE 1998)) and are conservative relative to the NUREG-1150 study, which assumed
evacuation of 99.5 percent of the population within the EPZ.

The evacuation speed was calculated by comparing the travel time estimates to the travel
distances required. The Aliquippa/Hopewell area has the greatest population density in the EPZ,
requires the longest evacuation time, and is only a few miles from the edge of the EPZ. It follows
that the slowest and most conservative evacuation speeds would occur in this area. Based on the
published evacuation routes and the population distribution in the area, a typical travel distance
to the edge of the EPZ from this area is approximately 3 miles. Using the worst case evacuation
time (inclement weather and persons without transportation) of 6% hours an average evacuation
speed of 0.2 m/s was determined.

Three evacuation sensitivity cases were also performed to determine the impact of evacuation
assumptions. One sensitivity case reduced the evacuation speed by a factor of four (0.05 m/sec)
and the second increased the speed to 2.24 m/s (5 mph). The third sensitivity case assumed a
factor of 1.5 increase in the alarm time, thus delaying the commencement of physical evacuation.
The results are discussed in Section 8.

3.4.5 Meteorological Data

Each year of meteorological data consists of 8,760 weather data sets of hourly recordings of
wind direction, wind speed, atmospheric stability, and accumulated precipitation. The data were
from the Beaver Valley Power Station site weather facility for the years 2001, 2002, 2003, 2004,
and 2005. MACCS2 does not permit missing data, so bad or missing data were filled in with
National Oceanic and Atmospheric Administration (NOAA) data from the Pittsburgh
International Airport (nearest most complete source of data) obtained from the NOAA Internet
website. The approach used in this analysis was to perform MACCS2 analyses for each of the
years for which meteorological data was gathered and combine the results after the MACCS2
analyses rather than before. Due to the consideration of five years of weather data, it is assumed
that the average result from the analysis would be considered typical and representative. No one
year was found to be conservative with respect to all release sequences.
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3.5 SEVERE ACCIDENT RISK RESULTS

Using the MACCS2 code, the dose and economic costs associated with a severe accident at
Beaver Valley were calculated for each of the years for which meteorological data was gathered.
This information is provided below in Table 3.5-1 and Table 3.5-2, respectively. The average
value of the yearly result for each release category was used in the remainder of the analysis to
represent the dose and cost for each of the specific release categories.
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Table 3.5-1 Total L-EFFECTIVE LIFE Dose in Sieverts

Release MACCS2 BVPS Composite Weather Sensitivity Results
Category g(:‘(; 2001 2002 2003 2004 2005 Average
INTACT A 8 7 8 7 7 8
ECF
VSEQ B 50,400 47,200 51,000 53,600 40,800 48,600
““““ SGTR C 44,500 41,400 43,800 46,500 37,000 42,640
DCH D 86,800 84,800 86,600 76,400 77,600 82,440
SECF
,,,,,,,,,,, VSEQ E 50,500 48,000 47,800 46,900 44,800 47,600
,,,,,,,,,,, LOCI F 35,200 35,500 33,200 34,000 36,400 34,860
BV5 K 43,800 39,800 41,300 41,000 42,700 41,720
LATE
77777777777 Large G 1,530 1,440 1,780 1,600 1,450 1,560
77777777777 Small H 20,200 19,200 18,800 18,600 20,500 19,460
H2 Burn I 19,300 17,200 17,600 16,300 17,900 17,660
BMMT J 7,680 7,250 7,200 7,990 6,990 7,422
Table 3.5-2 Total Economic Costs in Dollars
Release MACCS2 BVPS Composite Weather Sensitivity Results
Category g:(; 2001 2002 2003 2004 2005 Average
INTACT A 6.400E-+03 5.600E+03 5.590E+03 1.000E+04 7.510E+03 7.020E+03
ECF
VSEQ B 3.530E+10 3.260E+10 3.100E+10 3.350E+10 3.390E+10 3.326E+10
SGTR C 4.280E+10 3.790E+10 3.580E+10 4.080E+10 3.840E+10 3.914E+10
DCH D 4.800E+10 5.010E+10 5.010E+10 4.400E+10 5.000E+10 4.844E+10
SECF
SGTR E 2.540E+10 2.560E+10 2.690E+10 2.440E+10 2.920E+10 2.630E+10
LOCI F 2.650E+10 2.520E+10 2.570E+10 2.460E+10 2.840E+10 2.608E+10
BV5 K 1.130E+10 1.070E+10 1.190E+10 1.050E+10 1.240E+10 1.136E+10
LATE
Large G 1.180E+08 1.260E+08 1.430E+08 1.590E+08 1.310E+08 1.354E+08
Small H 1.090E+10 1.010E+10 1.150E+10 1.040E+10 1.170E+10 1.092E+10
H2 Burn I 6.670E+09 6.220E+09 6.460E+09 5.600E+09 5.900E+09 6.170E+09
BMMT J 4.380E+09 4.360E+09 5.480E+09 4.450E+09 4.700E+09 4.674E+09

3.6 MAJOR PRA MODELING DIFFERENCES BETWEEN BVPS UNIT 1
AND UNIT 2

Listed below are some major design differences between the BVPS Units that are accounted for
in the PRA models. In addition, key differences in the BVPS PRA models were also previously

docketed in Attachment B of the following letter.

e Pearce/USNRC, Beaver Valley Power Station, Unit No. 1 and No. 2, BV-1 Docket No.
50-334, License No. DPR-66 and BV-2 Docket No. 50-412, License No. NPF-73,
Response to a Request for Additional Information in Support of License Amendment

Requests Nos. 306 and 176, dated October 29, 2004, Serial L-04-141.
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1. Unit 1 has an additional feedwater pump (Dedicated AFW Pump) powered off the ERF
diesel generator, which can be used during an SBO. This pump can provide secondary heat
removal even if the SG are water solid, so it is not dependant on battery life. Unit 2 only has
the Turbine-Driven AFW Pump, which fail if the SG goes water solid, so it is dependent on
battery life during SBO conditions. Plant specific SBO MAAP analyses show that with the
DAFW pump, as long as the RCP seal LOCA is initially less than 182 gpm and operators
cooldown and depressurize the RCS, Unit 1 will not melt or uncover the core during a 48
hour period following the SBO. At Unit 2, this is not the case, and the core will uncover and
melt during a 48 hour period following the SBO.

2. The Unit 1 Emergency DC Battery Rooms are constructed with concrete block walls, which
have limited seismic capacity. At Unit 2 the Emergency DC Battery Rooms are constructed
with reinforced concrete walls that have significant seismic capacity.

3. At Unit I the steam generators were replaced during 1RO17 and therefore have about half of
the SGTR initiating event frequency of the Unit 2 value (2.09E-03 vs. 4.82E-03).

4. The Unit 2 RWST volume is about twice the size of the Unit 1 volume (~ 860,000 gal vs.
~440,000 gal).

5. At Unit 1 the atmospheric steam dump valves have a higher capacity than Unit 2 (294,400
Ibs/hr vs. 235,000 1bs/hr) and therefore the RCS cooldown and depressurization using the
secondary heat removal system success criteria is different. Unit 1 only requires 1 ASDV
and feedwater to the associated SG, while Unit 2 requires 2 ASDVs with feedwater to both
associated SGs.

6. Unit 2 normally has two Service Water pumps in service, while Unit 1 normally only has one
River Water pump in service. Therefore, since the success criteria for both Units is one
River Water/Service Water pump, there is a lower system failure probability at Unit 2 due to
not having to start a standby pump given the failure of a running pump.
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4 COST OF SEVERE ACCIDENT RISK / MAXIMUM BENEFIT

Cost/benefit evaluation of SAMAs is based upon the cost of implementation of a SAMA
compared to the averted onsite and offsite costs resulting from the implementation of that
SAMA. The methodology used for this evaluation was based upon the NRC’s guidance for the
performance of cost-benefit analyses (Reference 20). This guidance involves determining the
net value for each SAMA according to the following formula:

Net Value = (APE + AOC + AOE + AOSC) — COE

where APE = present value of averted public exposure ($),
AOC = present value of averted offsite property damage costs ($),
AOE = present value of averted occupational exposure ($),

AOSC present value of averted onsite costs ($)
COE = cost of enhancement ($).

If the net value of a SAMA is negative, the cost of implementing the SAMA is larger than the
benefit associated with the SAMA and is not considered beneficial. The derivation of each of
these costs is described in below.

The following specific values were used for various terms in the analyses:

Present Worth
The present worth was determined by:

1 _ e—rt

7

PW =

Where:
r is the discount rate = 7% (assumed throughout these analyses)
t is the duration of the license renewal = 20 years
PW is the present worth of a string of annual payments = 10.76

Dollars per REM
The conversion factor used for assigning a monetary value to on-site and off-site
exposures was $2,000/person-rem averted. This is consistent with the NRC’s
regulatory analysis guidelines presented in and used throughout NUREG/BR-
0184, Reference 20.

On-site Person REM per Accident
The occupational exposure associated with severe accidents was assumed to be
23,300 person-rem/accident. This value includes a short-term component of
3,300 person-rem/accident and a long-term component of 20,000 person-
rem/accident. These estimates are consistent with the “best estimate” values
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presented in Section 5.7.3 of Reference 20. In the cost/benefit analyses, the
accident-related on-site exposures were calculated using the best estimate
exposure components applied over the on-site cleanup period.

On-site Cleanup Period

In the cost/benefit analyses, the accident-related on-site exposures were calculated
over a 10-year cleanup period.

Present Worth On-site Cleanup Cost per Accident

The estimated cleanup cost for severe accidents was assumed to be
$1.5E+09/accident (undiscounted). This value was derived by the NRC in
Reference 20, Section 5.7.6.1, Cleanup and Decontamination. This cost is the
sum of equal annual costs over a 10-year cleanup period. At a 7% discount rate,
the present value of this stream of costs is $1.1E+09.

4.1 OFF-SITE EXPOSURE COST

Accident-Related Off-Site Dose Costs

Offsite doses were determined using the MACCS2 model developed for BVPS-1. Costs
associated with these doses were calculated using the following equation:

APE=(FyD, —F,D, R

where:
APE

R

F
Dp
S
A
r

te

1_ e_rt/

(1)

r

monetary value of accident risk avoided due to population doses, after discounting

monetary equivalent of unit dose, ($/person-rem)

= accident frequency (events/yr)

population dose factor (person-rems/event)
status quo (current conditions)

after implementation of proposed action
real discount rate

= analysis period (years).

Using the values for 1, t;, and R given above:

=($2.15E + 4)\FsD, ~F,D,, )
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4.2 OFF-SITE ECONOMIC COST

Accident-Related Off-Site Property Damage Costs
Offsite damage was determined using the MACCS2 model developed for BVPS-1. Costs
associated with these damages were calculated using the following equation:

1 _ e*}’[/

aoc=(Fp, -F,P, ) :

where:

AOC = monetary value of accident risk avoided due to offsite property damage, after
discounting
F = accident frequency (events/yr)
Pp = offsite property loss factor (dollars/event)
r real discount rate
tr = analysis period (years).

4.3 ON-SITE EXPOSURE COST

Methods for Calculating Averted Costs Associated with Onsite Accident Dose Costs
a) Immediate Doses (at time of accident and for immediate management of emergency)

For the case where the plant is in operation, the equations in Reference 20 can be
expressed as:

—rt f
W, :(FSDIOS _FADIOA)R] i (1)
where:
Wio = monetary value of accident risk avoided due to immediate doses, after
discounting
R = monetary equivalent of unit dose, ($/person-rem)
F = accident frequency (events/yr)
Djp = immediate occupational dose (person-rems/event)
S = status quo (current conditions)
A = after implementation of proposed action
r = real discount rate
tr = analysis period (years).

The values used are:
R = $2000/person rem
r = .07
Dio 3,300 person-rems /accident (best estimate)
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The license extension time of 20 years is used for tr.

For the basis discount rate, assuming F, is zero, the best estimate of the limiting savings
is

—rt
I—-¢e "/

Wio = (FSDIOS )R
—07%20

_ 3300% F*$2000% 1 =¢
07

— F*$6,600,000% 10.763
— F*$07IE +8,(5).

b) Long-Term Doses (process of cleanup and refurbishment or decontamination)

For the case where the plant is in operation, the equations in Reference 20 can be
expressed as:

LY _
Ll—e Ll—e

Wiro = (FSDLTOS - FADLTOA )R (2)
r rm
where:
Wio = monetary value of accident risk avoided long term doses, after discounting,
$
m = years over which long-term doses accrue.

The values used are:
R = $2000/person rem

r = .07
Diro = 20,000 person-rem /accident (best estimate)
m = “aslong as 10 years”

The license extension period of 20 years is used for t¢

For the discount rate of 7%, assuming F, is zero, the best estimate of the limiting savings
1s

Ty __-m
*1 e *1 e

Wiro = (FSDLTOS )R

r rm
—.07*%20 —.07*10
_ (F, 2000032000+ 1=¢ _—_x1=¢
07 07%10

= F, * $40,000,000* 10.763 % 0.719
= F,*$3.10E+8, (S).

c) Total Accident-Related Occupational (On-site) Exposures

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.1-58



Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

Combining equations (1) and (2) above, using delta (A) to signify the difference in
accident frequency resulting from the proposed actions, and using the above numerical
values, the long term accident related on-site (occupational) exposure avoided (AOE) is:

Best Estimate:
AOE= W+ W,p= F*$(0.71+3.1)E+8= F*$3.81E+8(3)

4.4 ON-SITE ECONOMIC COST

Methods for Calculation of Averted Costs Associated with Accident-Related On-Site Property Damage

a) Cleanup/Decontamination

Reference 20 assumes a total cleanup/decontamination cost of $1.5E+9 as a reasonable
estimate and this same value was adopted for these analyses. Considering a 10-year
cleanup period, the present value of this cost is:

C __-rm
PV, =[ ) )[1 e J
m r

Where
PVcp = Present value of the cost of cleanup/decontamination.
Ccp = Total cost of the cleanup/decontamination effort.
m = Cleanup period.

r Discount rate.

Based upon the values previously assumed:

$ISE+9\ 1—e 0710
PV, =
@ [ 10 j( 07

PV,p=81.079E+9

This cost is integrated over the term of the proposed license extension as follows

1_ e—rt/
Ucp=PVep

,
Based upon the values previously assumed:

Uy, =81.079E + 9 [10.763]
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Uep=81.161E+10

b) Replacement Power Costs

Replacement power costs, Ugrp, are an additional contributor to onsite costs. These are
calculated in accordance with NUREG/BR-0184, Section 5.6.7.2." Since replacement
power will be needed for that time period following a severe accident, for the remainder
of the expected generating plant life, long-term power replacement calculations have
been used. The calculations are based on the 910 MWe reference plant, and are
appropriately scaled for the 984 MWe BVPS-1. The present value of replacement power
is calculated as follows:

(81.2E+ S)W
VR
PV, = ( 2) (1-e™)
r
Where
PVgrp = Present value of the cost of replacement power for a single event.

tr = Analysis period (years).
r Discount rate.
Ratepwr = Rated power of the unit

The $1.2E+8 value has no intrinsic meaning but is a substitute for a string of non-
constant replacement power costs that occur over the lifetime of a “generic” reactor after
an event (from Reference 20). This equation was developed per NUREG/BR-0184 for
discount rates between 5% and 10% only.

For discount rates between 1% and 5%, Reference 20 indicates that a linear interpolation
is appropriate between present values of $1.2E+9 at 5% and $1.6E+9 at 1%. So for
discount rates in this range the following equation was used to perform this linear
interpolation.

PV, = {($1.6E +9)- ([($]'6E E;f/z (IZ']zE +9). [7, - 1%])} . {%}

Where
rs = Discount rate (small), between 1% and 5%.
Ratepwr = Rated power of the unit

! The section number for Section 5.6.7.2 apparently contains a typographical error. This section is a subsection of
5.7.6 and follows 5.7.6.1. However, the section number as it appears in the NUREG will be used in this document.
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To account for the entire lifetime of the facility, Urp was then calculated from PVgp, as
follows:

PV . B
Upp = rRP (l—e [f)

Where
Ugrp = Present value of the cost of replacement power over the life of the facility.

Again, this equation is only applicable in the range of discount rates from 5% to 10%.
NUREG/BR-0184 states that for lower discount rates, linear interpolations for Ugp are
recommended between $1.9E+10 at 1% and $1.2E+10 at 5%. The following equation
was used to perform this linear interpolations:

Where
rs = Discount rate (small), between 1% and 5%.
Ratepwr = Rated power of the unit

c) Repair and Refurbishment

It is assumed that the plant would not be repaired/refurbished; therefore, there is not
contribution to averted onsite costs from this source.

d) Total Onsite Property Damage Costs

The net present value of averted onsite damage costs is, therefore:
AOSC=F*(Uy +Upgp)

Where F = Annual frequency of the event.

4.5 TOTAL COST OF SEVERE ACCIDENT RISK / MAXIMUM BENEFIT

Cost/benefit evaluation of the maximum benefit is baseline risk of the plant converted dollars by
summing the contributors to cost.

Maximum Benefit Value = (APE + AOC + AOE + AOSC)
where APE = present value of averted public exposure ($),
AOC = present value of averted offsite property damage costs ($),
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AOE = present value of averted occupational exposure ($),
AOSC = present value of averted onsite costs ($)

For Beaver Valley Unit 1, this value is $5,129,572 as shown below.

Parameter Unit 1
Present Dollar Value ()
Averted Public Exposure $1,246,705
Averted offsite costs $3,483,791
Averted occupational exposure $7,402
Averted onsite costs $391,674
Total $5,129,572

The costs are dominated by the early small and late small release categories. The dominant
accident sequences that result in these release categories are largely the result of fire and seismic
initiating events. These initiating events are explicitly modeled in the PRA.

5 SAMA IDENTIFICATION

A list of SAMA candidates was developed by reviewing the major contributors to CDF and
population dose based on the plant-specific risk assessment and the standard PWR list of
enhancements from Reference 24 (NEI 05-01). This section discusses the SAMA selection
process and its results.

5.1 PRA IMPORTANCE

The top core damage sequences and the components/systems having the greatest potential for
risk reduction were examined to determine whether additional SAMAs could be identified from
these sources.

Use of Importance Measures

Risk reduction worth (RRW) of the components in the baseline model was used to identify those
basic events that could have a significant potential for reducing risk. Components with risk
reduction worth (RRW) >1.005 were identified as the most important components. A similar
review was performed on a system basis. The components and systems were reviewed to ensure
that each component and system is covered by an existing SAMA item or added to the list if not.

Use of the Top Sequences
The top sequences leading to core melt were reviewed. A key result is that no single PRA
sequence makes up a large fraction of the core damage frequency. The sequences were reviewed
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to ensure that initiators and failures identified in the sequences were either covered by existing
SAMAs or added to the list of plant specific SAMAs.

5.2 PLANT IPE

The Beaver Valley Unit 1 PRA identified some potential vulnerabilities. Corresponding
enhancements have been considered. As noted in the IPE, large fractions of the CDF were
associated with RCP seal LOCA and station blackout. Other major contributors were
containment bypass/isolation failure, loss of switchgear HVAC and transients without scram.

These accident categories are not always mutually exclusive. One of the top ranked sequences
illustrates this clearly. A loss of offsite power will challenge the onsite emergency power
system. Failure of both emergency diesels would result in a station blackout. The consequential
loss of seal injection and component cooling water to the reactor coolant pumps (RCP) thermal
barrier could eventually lead to a RCP seal LOCA. Station blackout and RCP seal LOCA are
both conditions of this scenario that can result in core uncovery and damage.

In order to determine vulnerabilities, the major accident categories were evaluated along with the
top-ranking sequences contributing to CDF.

The Beaver Valley Unit 1 potential enhancements are listed in Table 5.2-1.
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5.3 PLANT IPEEE

Potential improvements to reduce the risk in dominant fire zones and to reduce seismic risk and
risk from other external events were evaluated in the Beaver Valley Unit 1 IPEEE. The list of
candidate improvements and their status is documented in the IPEEE and reproduced in Table
3.1.2-1 in this report.

5.4 INDUSTRY SAMA CANDIDATES

The generic PWR enhancement list from Table 14 of Reference 24 was included in the list of
Phase I SAMA candidates to assure adequate consideration of potential enhancements identified
by other industry studies.

5.5 PLANT STAFF INPUT TO SAMA CANDIDATES

The Beaver Valley plant staff provided plant specific items that were included in the evaluation.
These are identified in the list of SAMA candidates by their source.

5.6 LIST OF PHASE I SAMA CANDIDATES

Table 5.6-1 provides the combined list of potential SAMA candidates considered in the Beaver
Valley Unit I SAMA analysis. From this table it can be seen that 189 SAMA candidates were
identified for consideration.
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Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

6 PHASE I ANALYSIS

A preliminary screening of the complete list of SAMA candidates was performed to limit the
number of SAMAs for which detailed analysis in Phase II was necessary. The screening criteria
used in the Phase I analysis are described below.

e Screening Criterion A - Not Applicable: 1f a SAMA candidate did not apply to the Beaver
Valley Unit 1 plant design, it was not retained.

o Screening Criterion B - Already Implemented or Intent Met: If a SAMA candidate had
already been implemented at the Beaver Valley Unit 1 or the intent of the candidate is met, it
was not retained.

e Screening Criterion C - Combined: 1f a SAMA candidate was similar in nature and could be
combined with another SAMA candidate to develop a more comprehensive or plant-specific
SAMA candidate, only the combined SAMA candidate was retained.

e Screening Criterion D - Excessive Implementation Cost. If a SAMA required extensive
changes that will obviously exceed the maximum benefit (Section 4.5), even without an
implementation cost estimate, it was not retained.

o Screening Criterion E - Very Low Benefit: If a SAMA from an industry document was
related to a non-risk significant system for which change in reliability is known to have
negligible impact on the risk profile, it was not retained. (No SAMAs were screened using
this criterion.)

Table 6-1 presents the list of Phase | SAMA candidates and provides the disposition of each
candidate along with the applicable screening criterion associated with each candidate. Those
candidates that have not been screened by application of these criteria are evaluated further in the
Phase II analysis (Section 7). It can be seen from this table that 126 SAMAs were screened from
the analysis during Phase 1 and that 63 SAMAs passed into the next phase of the analysis.

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.1-81
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7 PHASE 11 SAMA ANALYSIS

A cost-benefit analysis was performed on each of the SAMA candidates remaining after the
Phase I screening. The benefit of a SAMA candidate is the difference between the baseline cost
of severe accident risk (maximum benefit from Section 4.5) and the cost of severe accident risk
with the SAMA implemented (Section 7.1). The cost figure used is the estimated cost to
implement the specific SAMA. If the estimated cost of implementation exceeds the benefit of
implementation, the SAMA is not cost-beneficial.

Since the SAMA analysis is being performed separately for each Beaver Valley unit, the costs
and the benefits are provided on a per-unit basis. If a SAMA candidate is shared by the units,
that information is noted in the Phase Il SAMA candidate list and it is analyzed in a manner
consistent with its applicability to both units.

7.1 SAMA BENEFIT

7.1.1 Severe Accident Risk with SAMA Implemented

Bounding analyses were used to determine the change in risk following implementation of
SAMA candidates or groups of similar SAMA candidates. For each analysis case, the Level 1
internal events or Level 2 PRA models were altered to conservatively consider implementation
of the SAMA candidate(s). Then, severe accident risk measures were calculated using the same
procedure used for the baseline case described in Section 3. The changes made to the PRA
models for each analysis case are described in Appendix A.

A “bounding analyses” are exemplified by the following:

LBLOCA

This analysis case was used to evaluate the change in plant risk profile that would be achieved if
a digital large break LOCA protection system was installed. Although the proposed change
would not completely eliminate the potential for a large break LOCA, a bounding benefit was
estimated by removing the large break LOCA initiating event. This analysis case was used to
model the benefit of SAMA xx.

DCPWR

This analysis case was used to evaluate plant modifications that would increase the availability
of Class 1E DC power (e.g., increased battery capacity or the installation of a diesel-powered
generator that would effectively increase battery capacity). Although the proposed SAMAs would
not completely eliminate the potential failure, a bounding benefit was estimated by removing the
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battery discharge events and battery failure events. This analysis case was used to model the
benefit of SAMASs a, b, etc.

The severe accident risk measures were obtained for each analysis case by modifying the
baseline model in a simple manner to capture the effect of implementation of the SAMA in a
bounding manner. Bounding analyses are very conservative and result in overestimation of the
benefit of the candidate analyzed. However, if this bounding assessment yields a benefit that is
smaller than the cost of implementation, then the effort involved in refining the PRA modeling
approach for the SAMA would be unnecessary because it would only yield a lower benefit result.
If the benefit is greater than the cost when modeled in this bounding approach, it is necessary to
refine the PRA model of the SAMA to remove conservatism. As a result of this modeling
approach, models representing the Phase Il SAMAs will not all be at the same level of detail and
if any are implemented, the PRA result after implementation of the final installed design will
differ from the screening-type analyses done during this evaluation.

7.1.2 Cost of Severe Accident Risk with SAMA Implemented

Using the risk measures determined as described in Section 7.1.1, severe accident impacts in four
areas (offsite exposure cost, off-site economic cost, on-site exposure cost, and on-site economic
cost) were calculated using the same procedure used for the baseline case described in Section 4.
As in Section 4.5, the severe accident impacts were summed to estimate the total cost of severe
accident risk with the SAMA implemented.

7.1.3 SAMA Benefit Calculation

The respective SAMA benefit was calculated by subtracting the total cost of severe accident risk
with the SAMA implemented from the baseline cost of severe accident risk (maximum benefit
from Section 4.5). The estimated benefit for each SAMA candidate is listed in Table 7-1. The
calculation of the benefit is performed using an Excel spreadsheet.

7.2 COST OF SAMA IMPLEMENTATION

The final step in the evaluation of the SAMASs is estimating the cost of implementation for
comparison with the benefit. For the purpose of this analysis the BVPS staff has estimated that
the cost of making a change to a procedure and for conducting the necessary training on a
procedure change is expected to exceed $15,000. Similarly, the minimum cost associated with
development and implementation of an integrated hardware modification package (including
post-implementation costs, e.g. training) was assumed to be $100,000. These values were used
for comparison with the benefit of SAMAs.
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The benefits resulting from the bounding estimates presented in the benefit analysis are in some
cases rather low. In those cases for which the benefits are so low that it is obvious that the
implementation costs would exceed the benefit, a detailed cost estimate was not warranted. Plant
staff judgment is applied in assessing whether the benefit approaches the expected
implementation costs in many cases.

Plant staff judgment was obtained from an independent, expert panel consisting of senior staff
members from the PRA group, the design group, operations and license renewal. This panel
reviewed the benefit calculation results and, based upon their experience with developing and
implementing modifications at the plant, judged whether a modification could be made to the
plant that would be cost beneficial in comparison with the calculated benefit. The purpose of
this approach was to minimize the effort expended on detailed cost estimation. The cost
estimations provided by the expert panel are included in Table 7-1 along with the conclusions
reached for each SAMA evaluated for cost/benefit.

It should be noted that the results of the sensitivities of Section 8 influenced the decisions of
whether a SAMA was considered to be potentially cost beneficial. If the benefits calculated in
the sensitivity analyses exceeded the estimated cost of the SAMA, it was considered potentially
cost beneficial.

7.3 SAMAs WITH SHARED BENEFIT OR COSTS

A number of SAMAs either benefit both BVPS-1 and BVPS-2 or the cost of implementation
would be shared by both units. In this case, consideration of the costs and benefits at only one
unit is not appropriate.

SAMA 14, installation of a gas turbine generator, would provide benefit for both units. The
maximum combined benefit for this SAMA is $ 1.9 million ($400K in Unit 1 and $1,495K in
Unit 2). The cost to implement this SAMA is greater than $7 million. Even with the combined
benefit, this SAMA is not cost beneficial.

SAMA 187 (Unit 1) and 186 (Unit 2), increase the seismic ruggedness of the ERF Substation
batteries, would provide benefit for both units. Currently the ERF diesel generator can provide
power to the Unit 1 Dedicated AFW system, but very little equipment on Unit 2. The benefit of
this SAMA to Unit 2 is $3.8K compared to the Unit 1 benefit of $525K. The estimated cost for
implementing this SAMA is $300K. This SAMA is considered potentially cost beneficial for
BVPS-1, but not for BVPS-2.

SAMA 186 (Unit 1) and 190 (Unit 2), provide a containment cross-tie between the units, would
provide benefit to both units. However, the result of using this cross-tie to mitigate an event
would result in contamination of both units. The cost of cleanup of the opposite unit is not
included in the benefit calculation. Due to the high cost of implementation and the impact on the
opposite unit, this SAMA is not considered cost beneficial for either unit.
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Unit 1 SAMA 188 (RWST cross-tie) would provide a benefit for both units. However, since the
Unit 2 RWST is significantly larger than the Unit 1 RWST, the benefit to Unit 2 would be small
and was therefore not considered as a SAMA. The high cost of implementation (>$4,000K),
therefore, makes this SAMA not cost beneficial (at either unit).
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8 SENSITIVITY ANALYSES

The purpose of performing sensitivity analyses is to examine the impact of analysis assumptions
on the results of the SAMA evaluation. This section identifies several sensitivities that can be
performed during SAMA (Reference 24, NEI 05-01) and discusses the sensitivity as is applies to
Beaver Valley Unit 1 and the impact of the sensitivity on the results of the Phase Il SAMA
analysis at BVPS-1.

Unless it was otherwise noted, it is assumed in these sensitivity analyses that sufficient margin
existed in the maximum benefit estimation that the Phase I screening would not have to be
repeated in the sensitivity analyses.

8.1 PLANT MODIFICATIONS

There are no plant modifications that are currently pending that would be expected to impact the
results of this SAMA evaluation.

8.2 UNCERTAINTY

Since the inputs to PRA cannot be known with complete certainty, there is possibility that the
actual plant risk is greater than the mean values used in the evaluation of the SAMA described in
the previous sections. To consider this uncertainty, a sensitivity analysis was performed in
which an uncertainty factor was applied to the frequencies calculated by the PRA and the
subsequent benefits were calculated based upon the mean risk values multiplied by this
uncertainty factor. The uncertainty factor applied is the ratio of the 95™ percentile value of the
CDF from the PRA uncertainty analysis to the mean value of the CDF. For Unit 1 the 95"
percentile value of the CDF is 3.96E-5/yr; therefore, uncertainty factor is 2.04. Table 8-1
provides the benefit results from each of the sensitivities for each of the SAMA cases evaluated.

8.3 PEER REVIEW FACTS/OBSERVATIONS

The model used in this SAMA analysis includes the resolution of the Facts-and-Observations
(F&Os) identified during the PRA Peer Review. Therefore, no specific sensitivities were
performed related to this issue.

8.4 EVACUATION SPEED
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Three evacuation sensitivity cases were performed to determine the impact of evacuation
assumptions. One sensitivity case reduced the evacuation speed by a factor of four (0.05 m/sec)
and the second increased the speed to 2.24 m/s. The third sensitivity case assumed a factor of
1.5 increase in the alarm time, thus delaying the commencement of physical evacuation.

The base evacuation speed was derived in a conservative manner assuming inclement weather
and persons without transportation an average evacuation speed of 0.2 m/s was determined. A
decrease in the evacuation speed by a factor of four to 0.05 m/s would have the impact of taking
over 2 days to evacuate. Runs with an increase to 2.24 m/s (approximately 5 mph) were also
performed to assess the slope and relative sensitivity of the dose to evacuation speed.

The third sensitivity case performed was a delay in the alarm time to simulate problems in
communication that might be experienced during the night or severe weather. The alarm delay
was multiplied by a factor of 1.5 for this case.

The results of the evacuation sensitivity runs indicated that Mean Total Economic Costs are very
insensitive to evacuations speeds. Decreasing the evacuation speed had a maximum impact of 10
percent on total dose. Total dose was not sensitive to a delay on the alarm time. The Mean
Population Exceeding 0.05 Sv showed some sensitivity to evacuation speed for the late
containment failures. The tables below provide a summary of the evacuation sensitivity results.
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Table 8.4-1 Evacuation Speed Sensitivity Results

Evacuation Speed Alarm Delay
Release Base
Category Note 1 Slower Percent Faster Percent 1.5x Percent
(0.11 mph Change (S mph) Change OALARM Change
Mean L-EFFECTIVE TOT LIF Dose (Sv)
INTACT | 8 8 | 1] 8 | 3] 8 | 0
ECF
VSEQ 50,400 53,700 7 42,700 -15 50,100 -1
SGTR 44,500 47,400 7 40,500 -9 44,700 0
DCH 86,800 88,900 2 81,500 -6 86,800 0
SECF
SGTR 50,500 55,500 10 29,000 -43 50,500 0
LOCI 35,200 37,200 6 31,700 -10 35,300 0
BVS 43,800 46,400 6 34,600 -21 44,200 1
LATE
Large 1,530 1,540 1 1,470 -4 1,540 1
Small 20,200 21,400 6 20,200 0 20,300 0
H2 Burn 19,300 19,900 3 18,700 -3 19,400 1
BMMT 7,680 7,850 2 7,670 0 7,680 0
Mean Population Exceeding 0.05 Sv
INTACT | 0 0| 0] 0] 0 0 | 0
ECF
VSEQ 143,000 143,000 0 138,000 -3 143,000 0
SGTR 154,000 154,000 0 147,000 -5 154,000 0
DCH 274,000 275,000 0 266,000 -3 274,000 0
SECF
SGTR 80,200 80,700 1 72,400 -10 80,200 0
LOCI 37,600 38,400 2 28,300 -25 37,400 -1
BVS5 86,700 87,200 1 80,100 -8 86,900 0
LATE
Large 2 27 1,499 2 -8 3 62
Small 7,170 12,900 80 7,150 0 7,240 1
H2 Burn 21,700 24,700 14 18,500 -15 23,000 6
BMMT 2,210 2,730 24 2,200 0 2,240 1
Mean Total Economic Costs ( $
INTACT | 6.400E+03 6.400E+03 | 0 | 6.400E+03 0 6.400E+03 | 0
ECF
VSEQ 3.530E+10 3.530E+10 0 3.530E+10 0 3.530E+10 0
SGTR 4.280E+10 4.280E+10 0 4.280E+10 0 4.280E+10 0
DCH 4.800E+10 4.800E+10 0 4.800E+10 0 4.800E+10 0
SECF
SGTR 2.540E+10 2.540E+10 0 2.540E+10 0 2.540E+10 0
LOCI 2.650E+10 2.650E+10 0 2.650E+10 0 2.650E+10 0
BV5 1.130E+10 1.130E+10 0 1.130E+10 0 1.130E+10 0
LATE
Large 1.180E+08 1.180E+08 0 1.180E+08 0 1.180E+08 0
Small 1.090E+10 1.090E+10 0 1.090E+10 0 1.090E+10 0
H2 Burn 6.670E+09 6.670E+09 0 6.670E+09 0 6.670E+09 0
BMMT 4.380E+09 4.380E+09 0 4.380E+09 0 4.380E+09 0
Note 1 Current Economic data, 2047 population data, and 2001 met data
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8.5 REAL DISCOUNT RATE

Calculation of severe accident impacts in the BVPS-1 SAMA analysis was performed using a
“real discount rate” of 7% (0.07/year) as recommended in Reference 20, NUREG/BR-0184. Use
of both a 7% and 3% real discount rate in regulatory analysis is specified in Office of
Management Budget (OMB) guidance (Reference 25) and in NUREG/BR-0058 (Reference 26).
Therefore, a sensitivity analysis was performed using a 3% real discount rate.

In this sensitivity analysis, the real discount rate in the Level 3 PRA model was changed to 3%
from 7% and the Phase Il analysis was re-performed with the lower interest rate.

The results of this sensitivity analysis are presented in Table 8-1. This sensitivity analysis does
not challenge any decisions made regarding the SAMAs.

8.6 ANALYSIS PERIOD

As described in Section 4, calculation of severe accident impacts involves an analysis period
term, tr, which could have been defined as either the period of extended operation (20 years), or
the years remaining until the end of facility life (from the time of the SAMA analysis to the end
of the period of extended operation) (29 years for Unit 1).

The value used for this term was the period of extended operation (20 years). This sensitivity
analysis was performed using the period from the time of the SAMA analysis to the end of the
period of extended operation to determine if SAMAs would be potentially cost-beneficial if
performed immediately.

In this sensitivity analysis, the analysis period in the calculation of severe accident risk was
modified to 29 years and the Phase II analysis was re-performed with the revised analysis period.
The cost of additional years of maintenance, surveillance, calibrations, and training were
included appropriately in the cost estimates for SAMAs in this Phase II analysis.

The results of this sensitivity analysis are presented in Table 8-1. This sensitivity analysis does
not challenge any decisions made regarding the SAMAs.

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.1-121



I-1°D 38eq

SHALLVNYALTV NOLLVOILLIN INHAIDOV HHIAIS

“INOYor[q UOTIE)S 10
‘101eM 9DIAI0S “10Jem Surj0oo Jusuodwiod Jo

*[9SIP PAJLIIPIP PIM ‘Wd)SAS uondafur

“J1Jouaq SPAdoXa 1500 | [101aUIg-1S0D) JON [oued 1adxq | 000 P$< | MSESTS| MTESTS SSOTTS SL9STS | ME0E TS| TVOOTIDY | Ss0f woiy aFewep 2109 Jo Aouanbaxy paonpay |  [ees dund jue[ooo 10j0ea1 juopuadopur ue [[eIsuf SS
*soouanbas 1ajem
Bu1[000 JO SSO] UI FUNBIYIIAO 10 3QN] 0} INP
J1JOUdq SPIVOX JSO)) | [BIO1JOUdH-)S0)) JON Joued wodxg [ S00€$< MI$> MI$> SIS> SIS SIS 10DHD | amyiey dund SuiSieys a10j0q dwiy pasearouy *Kyoedeo 10 aqnj duind SuiSreyo asearouy ¥S
"SOA[BA
uone[ost S[3uIs AU JY) JO AUO JO dINJIE]
srydonseies 0) panqrIIe 9q Ued YoIym
JO QwOS ‘SJu0Ad Suneniul 10jem Surjood ‘SOAJBA JUDA Pue urelp 1ojem Surjood jusuoduwos
“1Jouaq SPAdOXa 1500 | [EIOLAUg-1S0)) JON Joued yadxsg J0S$< 1§ 1§ SI$> MI$> 1§ T0MDD juduodwod Jo ssof Jo Aouanbaiy paonpay paso[o Ajjeuwtou jo Surdid weansumop de) St
“a1njiej uondafur Kayes ainssard-ysiy pue
VOOT [[BWS JO JUSAS oY} U uonoafur wasks
“J1JOUBq SPSOXD 1500 | [BIDIOUIG-1S0D) JON Joued wadxg | S1000°1$< 0°26$ SIL9S$ 8THS T69$ 0'8YS 10VDOT | Surjoos 2100 KouoSrowo omssard mo[ smo[[y | -wlsAs uonezumssaidop Jue[oods 1030eal € 9Jea1) It
“swaysks suonoofur Kjayes amssaid
-MO[ pue -y31y Y uryim A)sIoAIp opiaoid
01 SLVIAVS SIYI JO JUJUI 31} “IOAIMOH
‘uonoa(ur A3a5es Jo suIen) Moy sey Yorym ‘+0g
onjeA woysAg g-osnoySunsap dy) 10j popuojul
93uey) arempie A[reurSuo sem YNVS SIYL ‘wa)sAs uonosfur ‘sdund pazomod-jasarp yim sdund
"J1JoUaq SPAdOXa 1500 | [EIOLAUG-1S0) JON Suroarsg | N001$< OSHS C8TS 1128 S HES SIL€TS Z0VOOT| A1ayes oy Jo oInjrej asnes UOWIWOD PAonpay uonoafur £19Jes 910A[d INOJ oY) Jo 0m) doe[day 6€
‘9Fewrep 2100
Jo Kouanbaiy oy asearoop pinom opesSdn
ue “yDOT [[EWS € 21eSHIW J0uued wolsks
[O1UOO SWINJOA PUE [BOTWAYD AT AISYM 'SYDOT [[ews areSniu o)
‘1Jousq SpPavdXa 1507 | [BIDLAUIH-ISOD) JON 1oued 1adXg | H000°1$< 10°26$ L9S$ 8T AT698 A0°87$ 10VD01 ‘009dV 2snoysunsap ) o1 Juefd € 10 | wIsKs [01U0D SWN[OA PUE [EINWAYO Ay opersdn LE
anfep
93uey) arempiey “duwnd o11j USALIP-[SAIp
‘1Jouaq SPaddXa 1507 | [BIOLIULg-1SOD JON Suueandg | N001$< ATES A9°C$ A8'TS AEES A1'TS £0VOOT “Anpiqedes uonooafur paoiduiy 1A Uondafut djeuid)e 10§ Ajiqedes apiaoid 6C
ENDN
a3uey) arempieyq
“J1JOUdq SPIVOXD JS0)) | [BIO1JOUdH-)SO0)) JON Sutuarg | N001$< TES 9°T$ SISTS €S SIS €OVOO1 “Knpiqedes uonoalur paaoaduiy ‘woIsAs uonoalur ornssord Mo| ISIOAIP € PPy 8T
onfep
a3uey) arempiey 'soouanbas Ogs pue vOOT ‘[osa1p Juopuadapur s dund
“11JoUaq SPAOXD 150)) | [BIOLAUIG-1S0D) JON Suuang | N001$< 0°SHS T8TS SI1TS S HES SILETS ZOVOOT| I[BWS WOy J[aW 2100 Jo Aouanbayy paonpay uonoalur aimssa1d Y31y [euonIppe ue apiaoig 9z
anep
a3uey) drempiey ‘woysAs uonoalur arnssaxd
"J1JoUaq SPAdOXa 1500 | [EIOLOUIg-1S0) JON Suroans | N00T1$< 0SHS T8TS 1128 S HES SIL€TS Z0VOOT | "seouanbas jjour 2100 Jo uonuaAdid pasorduy 431y aarssed 10 9AnoE Juopuadopur ue [[eIsuy ST
€L
uonoas 1odal 90§
TN Uyl VINVS
93s fsyun yjoq
S109438 VIAVS SIYL
"1Jouaq SPaddXa 3507 | "[BIOLAUIHISOD) JON [oued Wadxg | H000°L$< M89L$ MELYS MLSES MLLSS N00¥$ OFSON | 1omod Dy aJis-uo Jo K)[Iqe[ieA’ pasealou] “101810US3 duiqIN) SE3 E [[eIsu] ¥l
'1Jousq SPaddXa 3507 | [BIOLOUIH-ISOD) JON 1oued 1adxg | 3000°7$< ptad by 988 A099$ ASO1$ DALELS dSOTON [ “1omod 2115-1J0 JO §50] J0 A)1[1qeqoid Paonpay| | "291n0s Joamod )Is-JJO PaLINg ‘[BUOLIPPE UE [[BISU] €l
'snq "WoISAS JV [eNA
‘1Jouaq SpaddXa 1507 | [BIOLAUSg-1SOD JON [oue  yadxg 105§ 2L9T$ AS91$ APTIS A1°0T8 A6'ELS 1000 | DV [B1A A 0TI 243 JO AN[Iqe[IBAE paseatou] AOPT/0TT Y1 0} 10m0d D [BUOHIPPE APIAOL] 9
1Jouaq SPIIOXD 3SO]) | [BOYIUF-1S0) 1N [oue  yadxg 105$ L9T$ ASI91S$ APTIS A1°0T8 A6'ELS 1000 | wdshs omod D Jo Aniqeyreae paaoiduy 'S91-55010 SNq D 2PIA0Id S
‘ods
“JJauaq SPaddXa 3S07) | [eroyeuag-1s0) 10N [oued padxg 0SS 2AL'9T8 918 APTIS A1°0T8 A6ELS 100d ue Supnp Ajiqeieae 1mod H( pIpuAIXy “Burppays peof snq (I dAoxduwg 4
‘ods
1Jauaq SPIJOXa 3S0]) | [eIOYIUIF-1SO) 1ON 1oue  padxg 1058 L9T$ AS91$ APTIS A1°0TS A6'ELS 100a ue Surmp Aypiqerieae mod D papudlxg 'S[[90 [oNy YA SaLIdNEq Proe-pea] doedoy 4
‘ods
“JJauaq SPaddXa 3S07) | [eroyauag-1S0) 10N [oueg padxg 0SS AL9T8 918 APTIS A1°0T8 A6ELS 100d ue SuLinp Kyjiqejreat mod (I papUdIXY “Ayoedes K1v1eq D [BUOHIPPE APIAOIY 1
ey ey JTaquinN
qan sahgg osia ad SId %t VIAVS
uonen[eA 10y siseg uoyeneA; siseq 150D 180D JeJoudg | Jeyoudg | Jejyoudg | Jejgoudg | JYIudyg | ase) VINVS uoISSNISIY JududAoIduI] [EHU}O AL

uonen[eAy AIADISUAS T 31U SIAL

-8 9198 L

110day ByudwuOIIAUY - F XIpuaddy
uonedjddy [emoudy asuddry

779 1 SHU() uone)s Jomod Ad[eA 1aaedg




€CI-1°D 38eq

SHALLVNYALTV NOLLVOILLIN INHAIDOV HHIAIS

‘[etoyausq

1500 10N “ddH 2y d5uryd
JueoyIusIs © ul J|Nsal pjnom.
jey) sainpaooid 1o Sururen
I3Y}I0 0} PAYNUIPT 2q P[NOd
sjuawaAoIdu [erogouaq
1500 ON "JJO-3091d

pue Surdooy-ased apnjout
pue SpIepUR)S A1Snpul 1o3W
Sururen pue sampasoid

1

Sunesodo juormos oy | [e1oyouag-1s0)) JON ‘] 910N 99 [ 9JON 90§ SIL61$ SIS S6°8% SOTIS S6°6$ 90VIO1 *s00uonbasuoo YOO ISI poseardnnq ‘Surdos y)OTSI uo Sururen sojerado aaoxdury 811
‘uonenp/Kouanbaly
o3eno paseatouy
“JJoudq SPI2dX? 3507 | [BIHAUAH-ISOT) JON [oued 1adxg | 3000°1$< MAL61S ASTIS 16'8$ A0YIS 668 90VO01 “Kouanboy YOOTSI PRONPay | “syied yDOTSI UI SA[EA JO Su1sa) e[ asedrou] €1l
'SYDOTSI Pue aanjrej “OA[BA UOIIB[OSI JUSWIUIBIUOD
“J1JOUBq SPOOOXD 1800 | [BIDIOUIG-1SOD) JON Toued wadxg | 31000°1$< SPTI$ SIL9$ TS T8 3I8°SS TOLNOD | uone|os! jusuuIeIuod Jo Aouanbary paonpay | Yoeo 0} SOYOIIMS JIWI| ASIOAIP UL JUBPUNPAI PPY 11
"SYDOTSI JO UO11091ap 10J SJUSnSUI
1Jouaq SpaddXa 1S07) | [BIOLAUSH-1SOD JON [oued 1adX | 3000°1$< JAL618 ASTIS 16'8$ A0YIS 6'6$ 90VDOT1 “Kouanbayy YDOOTSI PRonpay FuLojIuOW YEd] 10 2InssaId [eUONIPPE [[eSu I
‘JJauaq SPI2dXI 3507 | [EIYAUAH-ISOT) JON 1dued 11X [ 3000°01$ | M9zSTS| M6THIS ASIT'TS MTeL TS| MM6ETTS T0LNOD | "AN[IqE [2AOWAI e JUSWIUIEIUOD PISLIIOU] “wd)sAs Keids yuowrure)uod juepunpal e q[eisuy LO1
‘Kouonbaiy
VDOT 99Npal PJnom UomJap Nea|
ISI-TY parudwajdut paroxduwy -arnjrej 9)o1dwos o0y Jouid syea|
SABH JJAUIQ SPAFIXD IS0)) | [RIOAUSG-ISOD) JON oued wadxg | M001$< 981§ STETS SIt'6$ TITS SILOTS SOVOOT Ajnuapr 0y doue[roaIns Surdid pasearouy *$2mpad01d uo103dP Nea] daoxdwy $0T
“IN000 JOU P[NOM JOB)E JOIU0D PUE
‘pareyifioey oq pnom punodwos payLnIA oty
woly [eAowal jeay pue Surpeaids juonbasqng
“[BLIBW A1) I SUIQUIOD PUE J[OW P[NOM
-ooerd [ELISIEW 9T} UO FUI[[E] 2100 UN[OW © Jerf)
ur pauopueqe Kjsnoraaid ons [9SSOA 10JOBAI oY) Yjeoutdpun paoejd
S10UIqUI0dDT UaSOIPAH 9q P[NOM [ELIDJEW A10J0RIOY "SLIGOP 100
“J1JoUaq SPadoXa 1500 | [BIdLoUIg-1S0) JON [oued wadxg | M001$< MET9$ M67ES SIFLTS SETHS P 0€S NYMNEGZH | U9)[OoW JO JUSWUIRIU0d pue FUIj00d paseatou] "WRISAS UONONPAT ADINOS J[UI 2109 € 9JBII)) 36
-ooerd
ur pauopueqe Kjsnoraaid
SIOUIqUIOdAT UAS0IPAH ‘uorsNquIod sed apIxouout “Kyiqedes
‘1Jouaq SpaddXa 1507 | [BIOLAUSH-ISOD JON [oued Wadxg | 3005$< €798 A6'1ES AP'LTS AETHS AP'0€S NMNETH | U0gIed pue uagoIpAY JO poOyraXI] poonpay BurMIOUI JUSWUIEIUOD JUPIOIL-150d OPIAOIL] 96
“SULI2)[1] PANUNUOD JINSSE
0] A12SS909U PAIOPISUOD
SEM JUOA JUQIOJJIP
Vv -Sunuaa opnjoaid pinoo uoneuI YHM
JUSWIUOIIAUD JUSPIOSE-1s0d ‘(syuoworddns ‘sjonpoid uoIssy pasesjar 19qqnIdg LMud A A[dnm g
Ay} Jnq sISIxXd AJuaLmd LEPT OTINN) 30 Suiqqnids Yym ‘sjuaad SM LV-uou [ uondQ a1 pag [oaeiny :| uondQ ‘1edy KAeoop
Anpiqedes Sunuoa owog | [erogouag-1s0) 10N | sarprus Ansnpuy | 3000°6S | M9TSTS| M6THIS SISTITS SCELTS | M6ETTS T0LNOD | 1oy Aijiqedes [eaowol jeay Aeoop pasearouf SAOUWIAI 0] JUSA JUSWIUTLIUOD PAIAI[L € [[eISu] 6
on[eA
a3uey) arempieyq
J1JoUq SPAIIXI 150 | [RIOJOUIG-)SOD) JON Surmeang [ M001$< A1$> A1$> s> s> MI$>| TAIVISNI| SAISIN Pue sAYS Jo Anjiqeqieae paaoxdwy | syusuodwod snewnaud AJSIA pue AYS daoxdu 68
“din juerd e Suimorjoy
‘J1Jouaq SpagdXa 1s07) | [BIOLJAULH-ISOT JON [oued 1adxg | 3000 1$< I8'L9% A6'vrs A6'TES AL°SS$ ATLES 10Md | 1o1eM Podj UIBU JO SSOJ JO 90UBLD PIdNPay "opeiddn 1o1em pady [eNSIp e [[eIsu[ S9
"an)
-SS010 19peay] 191eM SuI[000 Jusuodwod e [feisur
anjep oSuey) 10 ‘woIsAs 10jem Surj0od juouoduwiod oy 03 WA)sAS
QINPasoIf *S105UBYOX? LA [EAOWIOT 101eM 911 9Y) JO JUSWUSI[E [eNUBW MO[[E 0}
"J1JoUaq SPAdOXd 1500 | [EIOLAUg-1S0) JON Suruoarog MST$< 1S M1$> MI$> MI$> M1$> T0MDD 191 [eNpISaI [009 0} AJIIqe pasodw] | SuONEOPIPOW dIempIey pue a1npadoid juswayduy 9
“INOYoe[q UONEIS € JOU Jnq
10JEM 9DTAISS 10 Iojem Furjood jusuoduwiod jo “[OSAIP PAIEIIPOP INOYIM “WAISAS uonodfur
“J1JoUaq SPAdOXa 1500 | [EIOLAU-1S0)) JON Joued wadxq | 000 P$< | MSESTS| MTESTS SISOTTS SIL9STS | E0E TS| TVOOTIDY | ssof woxy aFewep 2109 Jo Aouonbaxy paonpay |  [ees dund jue[ooo 10j0ea1 juopuadopur ue [[eisuy 95
ey ey JaquinN
an sahgg sIa ad IS % VIAVS
uonen[eA J10J siseg uoyeneA; siseq 150D 180D JeJoudg | Jeyoudg | Jejyoudg | Jejgoudg | JYIudg | ase) VINVS uoISSNISIY JududAoIduI] [EYUOg AL

(‘o)) uoneneAy ANANISUSS [ U SJALD -8 dqeL

110day ByudwuOIIAUY - F XIpuaddy
uonedjddy [emoudy asuddry

779 1 SHU() uone)s Jomod Ad[eA 1aaedg




PTI-1°D a8ed

SHALLVNYALTV NOLLVOILLIN INHAIDOV HHIAIS

1

‘d1qe[reae s1 1omod 0)1sjjo uaAls dund py xny

T 9JON 99§ | [erd179Ug-1S0) JON ‘] AJON 39S | 9ION 29§ MT9$ €S M6T$ SILYS MTES 1d9H TVMYJO ‘suonoe Jojerado o doy Jo auQ spe)s Jojerad( -eoueuioyrad Jojerado aaoxduiy 691
€71 VINVS 90U212Ja1 Jeronjoudg “I9YIOUE 0) UBJ U0 wool Furpeaids
‘[ero1yauaq 1500 A[[enualod <1500 Aj[enuajoq Joued padxg 088 AAY9T$ SSIS M611$ 881$ MEELS 10314 woyy Funededoad a1y jo anyiey deurwI[y 9]qed dy) ut suej Hy AH 10j SIoLLIEq 211 [[EISU] 891
[erAudg “S[[EM YO0[q W00 A10)eq JO dInjIey padnpul s[jem 3o0[q K101eq DA ASTI
[e1o1jouRq 1509 A[[eNUSl0J -150)) A[[enusjod 1oue  Jadxy 00ES | S68STS | SLISTS SI69T°T$ SIHPSIS | 2o 1S 200d JIWSIAS 0} ANP SALIDYIE JO dIN[IRY d0NPAY | AousSIowa oy Jo sSoUPAFINI OIWSIAS YY) ASLAIIU] 191
“Kiqedes
“JJouaq SPI2dX3 507 | [BYAUAH-ISOT) JON [oueq padxg 0s$ L9TS S 918 APTIS A1°0TS JA6E1S 1000 | sinoxjoe|q uone)s wid) uof 1oy Surdod 1p2g A1o18q DA ASTT AOUSBIOWD [EUONIPPE OPIAOI] 991
“JJouaq SpaddXa 1507 | [BIDIUDH-ISO]) JON Toued 1adxg [ H000%$<| MsesTS| eSS NAS9I'IS L98IS | ME0ETTS | TVOOTdDY “an[iey [e3s d 3 Jo Aouonbayy 20npay | “wialsAs uonoafuy [edg dOy Judpuadoput ue [[esu S91
“9AEA U} J83s K[[NJ 0}
S)BOS O) UdIMJq dnssaid
apiaoxd o} pajjeisur
9q )SNU SASOY AOUIS JBIS
AJ[nJ JoU [[IM SUOIIPUOD “aAeA A1oyes DS uado }oms € ASO[O 0) AOIAP
JuopIooE Jopun pue axnssaid (1509 3} SPEEIXD Jeorueydaw dpIAoid pue 2109 Y} WOIJ J0)eIoUdT
[enURIAJJIp IsureSe aso[d 0} Jjouaq ANANISUSS a ajejost 0} aA1ea dojs doo] SO 23 3s0[d
PAUSISIP 10U OS] IR SIAJRA punoq 1addn oy 01 douepIng [emnpaooid apiaoid 01 VINVS SIYL
doys doo “[eroryounq | osneosaq) [eroyoudg ‘aAfeA K)oyes uado yomys e 03 anp DS parmdng
1800 A[[enuajod st VINVS -150D) A[[enualod [oued podxg Iy 1es 6°298 19'9¢8 8T8 AErrS A 1S ALOSON “YLDS 01 9N SEA[AI 20NPaY | PAY[NEY € dJe[0SI 0} s21npaooid Aoudgiowd AJIPON P91
anep
aSuey) arempIey 'SMILV
Suruoarog Suump (soynurwr g 03 | ~) soyids amssaid snq ay) wouy 1omod Suraowal 10y
“JJOURQ SPAAIXA 1S0)) | [BIDIJOURG-1SO)) JON - Joueq padxg | M00T$< SI6'81$ SIELIS SIETIS SILTTS SEEIS|  SMLVON pider oy [enujod 1940021 PaoUBYUY | SAINPAd0IJ doueyUY © dInjrey 1oxealq dLi], 10joedy SSI
“JUSAD YE2Iq dUI| Wed)s ureu
© Suimor[oy sarnydni aqn) 10je10UIT UIRI)S
ordnnu [enuanbasuod syuaaaid 1o jsureSe
anjeA sp1eng OS[y "SOAJEA UOIJB[OSI WIES)S UTew )
aSuey) arempIey Jo weansdn INd20 ealq oul] Wed)s & pinoys *SOAJBA UOR[OS] WEA)S
J1JoUq SPAIIXI 150 | [RIOJOUIG-)SOD) JON Surweang [ M001$< D ONEY AI$> ATS> I$> A1$> dISON uonezinssaidop opis A1epuodas sjuoAdld |  urew o 0) dn sadid piend opis K1epuosas [[eisuy €S1
njeA
aSuey)) arempIer]
Surusarg *(yea1q 210§9q e[ ®) woIsAs
JJouaq SPI2IXI 507 | [BIJAUAH-ISOT) JON - Pueg 1dxF | 3001$< 19818 ATEIS v'6$ ATIIS JIL01S SOVOOT| VOOT 3ea1q a8ie[ € Jo Aiqeqord paonpayy uond3jord yDOT eelq a5e] [eNSIp [[eisuf Lyl
*(uorsmoxa amssaxd
ug[q uondy pider sey yorym S LV 191EMPId) JO SSO|
a1591enS $007 & Surmp) rey s1oxealq din 103081 OY) JI SPOI *spol [onuod oy Suromod
“JJAUAQ SPAIIXI 150)) | [eIdIAUG-1S0)) JON - Joueg padxg | M00I$< S6'8I$ SIELTS SIETIS SILTTS SEEIS| SMLVON 0100 110sUl 0} paxmbar swr) Pasearod | snq oy woiy romod arowar 0y Kifiqedes apiaoig LET
'SMLV "woox
“JJOUDQ SPAAIXA JS0)) | [BIIJAUIH-ISO)) JON oued wadxg | S001$< M6'81$ SELIS METIS LTS JMEEIS|  SMLVON | ue 0y onp aSewep 2109 jo Kouonboiy paonpay | [o1u0d ur s1oxealq dii J9s 10JeI0Ud3 I0jou [[BIsu] 9¢1
“SJUOAd SM LY “JeaY KLd9p SAOWAI O}
“JJAUSQ SPIAIXA 150 | [eIdIJAUIG-1S0D) JON Toued wadxdg | 000 1$< S6'8I$ SIELIS SIETIS SILTTS SIECEIS|  SMLVON | woij 1eay 10)0ea1 9A0WAI 0} AN[IQE PISEAIOU] | JUIA JUSWUIEIUOD PRIA[IJ PAZIS SM LV U [[eIsu] €€l
‘SMLV
‘SMLV | ue Suunp sayids amssaid woiy aFewep juswdinbs
J1JOUdq SPIVOX JS0)) | [BIOJOUIH-1SO) JON [oued wadxg | 000 1$< M6'81$ SELIS SETIS SIL1TS JMEEIS| SMLVON ue 1oye Aijiqe[reae juowdmba poaoiduiy JuaAdId 0) SOAJRA JOI[QI JO WOISAS © PPy €1
"SMLV SuLmnp
‘1Jouaq SpaddXa 1507 | [BIOLAUSH-1SOD JON [oued 1adXd | 3000°1$< 6818 AELIS ACTIS 2ALITS ACEIS| SMLVON uopoafur uoiog jo Ayiqeieae paaoiduy “wid)sAs uonoafur uoioq yuspuadapur ue ppy 0¢l
‘an[eA
oSueyo arempiey amdnr
Suruoarog aamdnr oqn) I0je1ouds weays Suump [ oqn) Jojeroudd weals e Sulnp woysAs Arewnid ay)
“JJUAQ SPAIIXI 150)) | [eIdIJAULG-1S0D) JON - Joued padxg | M001$< S6°79% 9°9¢$ €8T SIEPPS S IES MIOSON saniqedes uonezunssaidop paoueyuyg azunssaidop 0} wid)sAs Aeds yuepunpar e [reisuy T
*93eIno Jurjanjal yoed
'soxmdni | Sunnp saqny J0je1ousd we)s jo uonoadsur 9,001
“JJOUAQ SPAAIXA JS0)) | [BIOIJAULG-1SOD) JON oued 1adxd | SI000°€$< S16°29% 319°9¢$ SIE'8TS SIEPPS S IES MIDSON | 2qm 1ojerouad wes)s jo Kouanbaiy paonpay & woyrad 0 eanoeld douruLIUIEW € AMIISUL 611
ey ey JaquinN
qan sahgg sIa ad IS % VIAVS
uopen[eAy 10§ siseq uopen[eA’ siseq 150D 150D Jejyaudy | e jyoudg | Jejygoudg | jejyoudg audyg | ase) VINVS uoISSNISIY juoudAoaduy [enudlog A9

(‘o)) uoneneAy ANANISUSS [ U SJALD -8 dqeL

110day ByudwuOIIAUY - F XIpuaddy
uonedjddy [emoudy asuddry

779 1 SHU() uone)s Jomod Ad[eA 1aaedg




SZI-1°D 38ed

SHALLVNYALTV NOLLVOILLIN INHAIDOV HHIAIS

"LO0T IO

pud ay) £q dnoyewr [ S
10j pasn aq ued jey sdwnd
dqenod apiaoid [jim jeyy
A3orens uonednmu deuId)e
ue Suisn £q VINV'S sy
Juownpdui 03 sueld SA L

'€’ U010ds
1odo1 29§ "VINVS
© se PAYNUapI 3q 0}
[[BWS 003 SI J03jj® T
U ay) syun yroq
SI9)Je VINV'S SIYL

‘uonoafur

‘LSmY

‘1Jouaq padoXa [[IM 1507 | "[BIOLJaUSg-ISOD JON [oued 110dx | 000°$< | M9+ I I858% TS9$ ALYO'TS 6TLS POVOO1 10J LSMY Y1 JO Afiqe[ieat paseaiouy UM PUE [ JU[) 9Y) U99M19q 91)-SSOID € [[eISu] 881
"¢, uonoas 1odar
09§ "7 Bun ur 98|
VIAVS 998 fsyun
10q $199JJ8 VIAVS *2IMINIIS AINUD ) JOU puk A[UO Ol
SIY], ‘eroyoudg SJUIAD OTWISIAS FUIMO[[O] K1aneq o 0y sarjdde siyy, “soeneq uone)sqng
[B101joUdg-1S0) A[[Enudlog <1500 Aj[enuajod Joued podxg N00ES [ M600°TS A129% M69¥$ M8SLS MSTSS|  IDUASIAS 19591P JH Y1 JO AN[IGEIOI PasEdIou] AH 9Y) JO SSOUPITFNI JIUSIOS SLAIOU] L81
“¢°L uondds
yodor 0ag ‘7
Nun ur 061 VINVS
90s ‘s)1un yloq “aInyiej ‘woIsAs ojsem snoases oy ySnoayy
S100JJ8 VIAVS SIYL bl JUSWILTEIUOD JO JNSAI & St SOPI[ONUOIpLT SJUQWIUTLIUOD JIUN OM] Y} JO AI)-SSOIO JUIPIOOE
“JJAUSQ SPIIIX 150)) | [eIdIAUG-1S0D) JION [Pued 1adxg | 000°01$<| M9TSTS| M6TH1$ M8ITTS MTELS | M6ETIS 10LNOD JO aseafa1 ay) JuaAdid 1o 2onpay -150d JOPISUOd 0} DIAYS 2 0} 2duLpINg ppy 981
S9[qEO [0U0D pue Jomod
“JJouaq SPI2dX3 507 | [BIYAUAH-ISOT) JON [Pued 1dxg | 000°T$< 1968 T 658 L vYS ATTLS 10°0S$ JERIES [[EA GIN0s “a1y [-§N 10J anssT 1y FFHJT | dwind 1078 JOALL AIBI[IXNE 10 10JEM IOALI ANOINY 781
S9]qed [01U0d pue 1omod
“JIJOUSQ SPAAIXA 1S0)) | [BIIJAUG-1SOD) JON Joued wadxd | S000°7$< SIPTES SI61$ SILPTS SIZETS SIE9T$ €OTIId *IOUI0D N ‘211 [-SD) 10§ ansst a1y AL | dwind 1ojem IOAL ATRI[IXNE JO IOJeM IOALI JNOIY €81
's9[qed
“JJouaq SPa2IXA 3507 | [BIOGAUIH-ISOT) JON [Pued 1dxg | 3001$< AI$> ATS> 18> 18> 18> (IR 1 ES o1y [-Vd 10 ansst a1y HHJI AOW uonons [SHH 10 dund y)) ooy 81
anfeA
oSuey)) arempiey
‘1Jouaq SpaadXa 1507 | [BIOLJAULH-1SOT JON Suuoang | H001$< 210858 JILSES 16978 ASErS T0ES oms oIy €-AD Yim ansst HHHJI 9[qed 1omod dwnd 10je A\ JOARY AIN0IY 081
T “UON[NOIIAAT 59 10
T ION 39S | Te1o19U2g-150D) JION ‘] 9JON 39S | 9JON 99§ A1$> A1$> ATS> AI$> AI$> 01ddH TITAJO ‘suonoe orerado o1 doy jo suQ sudie 103e10dQ "oourunioyrad Jojerado sroxdug SLI
‘ISHH Jo aanjiej pue yHOT [[eWS
T & UdAIS SO Jo uoneziunssardop pue uMop[ood
T 9JON 99§ | [erd179Ug-1S0) JON ‘] AON 39S | 9ION 29§ MITS A1$> SI$> TS SII$> 6ddH 9aDYJO ‘suonoe 1ojerado o doj Jo auQ | sajeniur rojerad( “voueunioyiad ojerado aaoxduy LLT
T “JUSAR Y LOS © UIAIS SO JO uonezunssaidop
'] ION 93§ | [eroyRUg-1S0)) ION "] 9JION 99S | 910N 99§ MAI$> MAI$> MAI$> MI$> AI$> 8dAH 1d0¥dO ‘suonoe 10je1ado (1 doy jo auQ | sarentur 1orerdd( -souewioiad 10jeiado srorduy 9LT
JUAAD SunenIUl
T juoIsuen) [e10uag € UQAIS §Y Jo uonezunssaidop
T 9ION 99§ | [erdyauag-1s0)) 10N ‘] 9ION 39S | 9ION 39S MI$> AI$> AI$> AI$> A1$> LdAH 7A0Y¥dO ‘suonoe Jojerado o doy jo suQ | sajeniur 10je12dQ -sduewiofiad tojerado aaoxduwy SLI
1 40D JO $50] FULIMP SIOY
T 9JON 33§ | [eroyouag-1s0)) 10N ‘] 910N 99 [ 9JON 908 SO61$ D CRAEY S8°8% SIS SI8°6$ 9ddH 100¥dO ‘suonoe 103e1ado (] doy Jo ouQ sdin Jojerad( dourwioyiad 1ojerodo aaoxdury LI
1 LS Jo dnoxyeur
T 9JON 993§ | [eronouag-1s0)) 10N ‘] 9JON 29S| 9JON 99§ SIS MI$> AI$> I$> MI$> SddH TINMEdO ‘suonoe tojerado o doy jo suQ | serentur Jojerad( “ooueurio)iod 1ojerodo aroxdury €L1
"SWQISAS 12JeMPad) 210)SI 0 SUOLIIE
1 1o11d Jo ainjrey uaA13 urjoos pasy pue padq
T 9JON 99S | [e1d1oULH-ISO)) JON ‘] 9JON 995 | 9ION 99§ 0TS SIE'89$ MT0S$ ML€8S 2L9SS $ddH 7d0¥dO ‘suonoe 1ojexdado ] doy JoouQ | sayeniur 1ojerad( -eoueunioyiad tojerado aaoiduy Ll
1 uonoaluy K1o05es
T 9JION 99§ | [erd172Ug-1S0) JON ‘] 9ON 39S | 9ION 9§ M6°S$ S€S LTS EPS 0'ES ¢ddH 9SOYJO ‘suonoe 1ojerado (o doy Jo auQ | sejeniur Jojerad( eoueunioyiad ojerado aaoxduy L1
W01 IBAFYINIMS
1 Kouagiows ut s100p uado 2 suej sjqeriod
T 9JON 99§ | [erd1j0Ug-1S0)) JON ‘] 9ON 23S | AION 99§ SISSIS S601$ Y €8% MEIS Y €6$ TddH| €AFMIO ‘suonoe Jojerado o1 doy jo suQ sue)s Iojerad( “ooueunio)rad 1ojerodo arordury 0L1
ey ey JaquinN
qan sahgg sIa ad IS % VIAVS
uopen[eAy 10§ siseq uopen[eA’ siseq 150D 150D Jejyaudy | e jyoudg | Jejygoudg | jejyoudg audyg | ase) VINVS uoISSNISIY juoudAoaduy [enudlog A9

(‘o)) uoneneAy ANANISUSS [ U SJALD -8 dqeL

110day ByudwuOIIAUY - F XIpuaddy
uonedjddy [emoudy asuddry

779 1 SHU() uone)s Jomod Ad[eA 1aaedg




9Z1-1°D 38ed

SHALLVNYALTV NOLLVOILLIN INHAIDOV HHIAIS

‘Terolousg
1500 JON SB PAUAAIIS “DI0JIAY) ‘AT SYINVS 95U "9[qe) ay ul pjudsaid sjjouaq onsI[eapl Ay) PasdXad pinom sagueydo oInpasoid pue aIempiey Jo S)S0d oY) SISEO [[B U] “SUONBIIJIPOW dIempiey
[euonippe a1mbai pjnom pue Ajuo syuswasoiduwr 0npaooid Yim 2]qeAdIYI. JOU Ik 9[qe) Ay ul pjudsdxd sjyousq ONsIEap! Ay} Jey) Pajoadxa SIJ1 9I0JOIOY L “UOTONPAI JO [OAI[ SIY} 0} SUOHB[NI[Ed JHH
AU} JO }[NSAI AU} J99 JE P[NOM JBY) PAIIUSPI 0q PIN0d e spudwaAoldur o1npaooid o1y100ds [euonippe ou a1e 21y ], "dqH Y} Ul 95uLyD 0} [9POW Oy} JO AJNANISUSS ) 2JLNSUOWP 0} A[9[0s papiaoid are
pue ¢ Jo 10)0eJ © JOo JgH Ul uononpar Areniqie ue uodn poseq a1e o[qe) sIy) Ul papraoid ) nsal UONERNO[ED JJoudq Sy ] SpIiepue)s Ansnpul JudLIng jeouw Sururen) pue samnpadsold juerd Judrno oy — | 9JON

'L00T 30
puo oty Aq dnovew [SMY
10J pasn aq ued ey sdund

a1qepiod apraoxd jim jeyy
A3o1ens uonesniu ojeuId)[e
ue Sutsn £q VINV'S SIY

"SJUDA

LSmY ey

yuowordun 0y sueld SJAH [eyoudyg noyoe[q uones pue 1omod 031sjJ0 Jo ssof | 03 dnoyeur 103 pasn soaea pue sdumd uoneosynd
[eR1AUAQ 1500 A[EnuOg [ 450D A[enusjod foued podxg | M00z$ | SOTHIS|  M8Ss$ MTS9$ MPOTS|  M6TL$|  v0VOOT|  Sunnp IS Oy jo ANjiqe[ieae paseatou] jood [any 3y} 10§ 1omod paxoeq [953l( SPIAOI] 681
B ey JqunN
an sIhsg as1q Ad ISIA %E VINVS
uoyen[eAy 10y sisegq uoyenpeAy siseq 350D 180D jejgoudyg | Jejyoudg | Jejgoudg | jejgoudg | Jyoudg | ase) VINVS uorssnISI([ JudwdAoadur] [EUd}Og AL

(‘o)) uoneneAy ANANISUSS [ U SJALD -8 dqeL

110day ByudwuOIIAUY - F XIpuaddy
uonedjddy [emoudy asuddry

779 1 SHU() uone)s Jomod Ad[eA 1aaedg




Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

9 CONCLUSIONS

As a result of this analysis, the SAMAs identified in Table 9-1 have been identified as potentially
cost beneficial, either directly or as a result of the sensitivity analyses. These SAMA are not
aging related and are therefore not required to be resolved as part of the relicensing effort.
However, since these potential improvements could result in a reduction in public risk, these
SAMAs will be entered into the Beaver Valley long-range plan development process for further
consideration.

Implementation of SAMA 164 would involve two actions. The first is a procedural change to
direct the operators to close the RCS loop stop valves to isolate a steam generator that has had a
tube failure. The second involves purchase or manufacture of a gagging device that could be
used to close a stuck open steam generator safety valve (i.e., faulted) on the ruptured steam
generator prior to core damage in SGTR events.

Implementation of SAMA 167 would involve installation of restraints on the masonry block
walls of the emergency switchgear room. This would reduce failures of those walls following
seismic events and prevent damage to the four emergency batteries located in the emergency
switchgear rooms.

Implementation of SAMA 168 would involve installation of a fire barrier or fire curtain between
the four emergency switchgear fans located in the cable spreading room. This would reduce
propagation of a fire from one fan to another.

Implementation of SAMA 187 would involve modifications to increase the seismic ruggedness
of the battery racks for the ERF diesel generator to be comparable to the emergency batteries,
thereby increasing the ERF diesel generator availability following seismic events.. These ERF
Substation batteries are not safety related.

Implementation of SAMA 189 involves purchasing a portable pump that can be used to provide
makeup to the RWST. BVPS plans to implement this SAMA through an alternate mitigation
strategy by the end of 2007.

None of the SAMASs identified in Table 9-1 are aging-related.
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Table 9-1 BVPS Unit 1 Potentially Cost Beneficial SAMASs

BV1 Potential Improvement Discussion Additional Discussion
SAMA
Number
164 Modify emergency procedures to isolate a faulted SG due to | Reduce release due to SGTR.
a stuck open safety valve. This SAMA to provide
procedural guidance to close the RCS loop stop valve to
isolate the generator from the core and provide mechanical
device to close a stuck open SG safety valve.
167 Increase the seismic ruggedness of the emergency 125V DC | Reduce failure of batteries due to seismic
battery block walls induced failure of battery room block walls.
168 Install fire barriers for HVAC fans in the cable spreading Eliminate failure of fire propagating from
room one fan to another.
187 Increase seismic ruggedness of the ERF Substation Increased reliability of the ERF diesel
batteries. This applies to the battery rack only and not the following seismic events
entire structure.
189 Provide Diesel backed power for the fuel pool purification Increased availability of the RWST during BVPS plans to implement this SAMA

pumps and valves used for makeup to the RWST.

loss of offsite power and station blackout
events.

through alternate mitigation strategies
that provide portable pumps that can
be used for RWST makeup by the end
0f 2007.

SEVERE ACCIDENT MITIGATION ALTERNATIVES

Page C.1-128




Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

10 REFERENCES

1.

2.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.

U. S. NRC Generic Letter 88-20, “INDIVIDUAL PLANT EXAMINATION FOR SEVERE
ACCIDENT VULNERABILITIES - 10 CFR 50.54(f)”, November 23, 1988.

Duquesne Light Company, Beaver Valley Unit 1 Probabilistic Risk Assessment, “Individual
Plant Examination”, October 1992.

Duquesne Light Company, Beaver Valley Unit 1 Probabilistic Risk Assessment, “Individual
Plant Examination of External Events”, June 1995.

Duquesne Light Company, Beaver Valley Unit 2 Probabilistic Risk Assessment, “Individual
Plant Examination”, March 1992.

Duquesne Light Company, Beaver Valley Unit 2 Probabilistic Risk Assessment, “Individual
Plant Examination of External Events”, September 1997.

Electric Power Research Institute TR-105396, “PSA Applications Guide”, August 1995.
Westinghouse WCAP-15603, “WOG2000 Reactor Coolant Pump Seal Leakage Model for
Westinghouse PWRs”, Revision 1-A, June 2003.

U. S. NRC NUREG/CR-5496, “Evaluation of Loss of Offsite Power Events at Nuclear Power
Plants: 1980-1996”, November 1998.

FirstEnergy Nuclear Operating Company 8700-DMC-1559, “BVPS-1 Charging Pump Cubicle
Heatup Following a Design Basis Accident and Loss of ventilation, PRA Analysis”, Revision 0.
Westinghouse WCAP-15210, “Transient Initiating Event Operating History Database for U.S.
Westinghouse NSSS Plants (1987-1997)”, Revision 1, November 1999.

FirstEnergy Nuclear Operating Company 8700-DMC-1647, “Initiating Event Steam Generator
Tube Rupture Frequency for Beaver Valley Unit 1 Usage in PRA Modeling”, Revision 0.

U. S. NRC NUREG/CR-INEEL/EXT-04-02326, “Evaluation of Loss of Offsite Power Events at
Nuclear Power Plants: 1986 - 2003 (Draft)”, Draft.

U. S. NRC NUREG-1407, “Procedural and submittal Guidance for the Individual Plant
Examination of external Events (IPEEE) for Severe Accident Vulnerabilities”, June 1991.

U. S. NRC Title 10 Code of Federal Regulations Part 50, Appendix R, “Fire Protection Program
for Nuclear Power Facilities Operating Prior to January 1, 1979”.

U. S. NRC NUREG/CR-2300, “PRA Procedures Guide”, January 1983.

U. S. NRC NUREG-1465, “Accident Source Terms for Light-Water Nuclear Power Plants”.

U. S. NRC NUREG/CR-6109, “The Probability of Containment Failure by Direct Containment
Heating In Surry”, May 1995.

U. S. NRC NUREG/CR-6338, “Resolution of Direct Containment Heating Issue for All
Westinghouse Plants with Large Dry Containments or Subatmospheric Containments”, February
1996.

Westinghouse WCAP-15955, “Steam Generator Tube Rupture PSA Notebook”, December 2002.
U. S. NRC NUREG/BR-0184, “Regulatory Analysis Technical Evaluation Handbook,” 1997.
Westinghouse WCAP-15603, “WOG2000 Reactor Coolant Pump Seal Leakage Model for
Westinghouse PWRs”, Revision 0, December 2000.

INEEL, “Reliability Study: Westinghouse Reactor Protection System, 1984-1995,” NUREG/CR-
5500, Vol. 2, INEEL/EXT-97-00740, April 1999.

U. S. NRC NUREG-1715, Volume 4, “Component Performance Study — Motor Operated Valves,
1987 - 1998”, September 2001.

Nuclear Energy Institute NEI 05-01, “Severe Accident Mitigation Alternatives (SAMA) Analysis
Guidance Document,” November 2005.

Office of Management and Budget, “Regulator Analysis,” Circular No. A-4, September 17, 2003.

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.1-129



Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

26

27.

28.
29.

30.

31.
32.
33.
34.
35.
36.

37.

38.

39.

. U. S. NRC NUREG/BR-0058, Revision 4, “Regulatory Analysis Guidelines of the U. S. Nuclear
Regulatory Commission,” September 2004.

FirstEnergy Nuclear Operating Company, “Beaver Valley Power Station Unit 1 Probabilistic Risk
Assessment Update Report,” Issue 3, June 2, 2006.

U. S. NRC NUREG/CR-6613, “Code Manual for MACCS2, User’s Guide,” May 1998.
“Calculation Package for Population Projections - Beaver Valley Power Station”,
November 14, 2006.

NISYS Corporation Calculation NISYS-1092-C005, “Calculation Title: Limited Level 3
Probabilistic Risk Assessment For FirstEnergy Nuclear Operating Co.’s Beaver Valley Nuclear
Station,” Revision 1, May 2004.

FirstEnergy Nuclear Operating Company, “Beaver Valley Containment Conversion Licensing
Report,” May 2002.

Scientech Calculation 17676-0001, “Beaver Valley Power Station MACCS2 Plume Data,” July
2007.

Scientech Calculation 17676-0002, “Beaver Valley Power Station MACCS2 Input Data,”
Revision 3, August 2007.

Scientech Calculation 17676-0003, “Beaver Valley Power Station MACCS2 Output for Years
2001 —2005,” Revision 3, August 2007.

Scientech Calculation 17676-0004, “Beaver Valley Power Station MACCS2 Evacuation
Sensitivity Runs,” Revision 3, August 2007.

Scientech Calculation 17676-0005, “Beaver Valley Power Station SECPOP2000 Economic Data
Output Check,” Revision 1, August 2007.

NISYS Corporation Calculation NISYS-1092-C006, “Severe Accident Mitigation Alternatives
Base Case and Net Benefit Calculation for FirstEnergy Nuclear Operating Co.'s Beaver Valley
Nuclear Power Station,” Revision 2, December 2004.

U. S. 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.

FirstEnergy Nuclear Operating Company, “Beaver Valley Power Station ELT 2004 Strategic
Action Plan - Safe Plant Operations.”

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.1-130



Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

APPENDIX A — PRA RUNS FOR SELECTED SAMA CASES
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Explanation of Appendix A Contents

This appendix describes each of the SAMA evaluation cases. An evaluation case is an evaluation of plant
risk using a plant PRA model that considers implementation of the evaluated SAMA. The case-specific
plant configuration is defined as the plant in its baseline configuration with the model modified to
represent the plant after the implementation of a particular SAMA. As indicated in the main report, these
model changes were performed in a manner expected to bound the change in risk that would actually be
expected if the SAMA were implemented. This approach was taken because the actual designs for the
SAMAs have not been developed.

Each analysis case is described in the following pages. Each case description contains a description of the
physical change that the case represents along with a description of the SAMAs that are being evaluated
by this specific case.

The PDS frequencies calculated as a result of the PRA model quantification for each SAMA case is
presented in Table A-8.
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Case INSTAIR1

Description: This case is used to determine the benefit of replacing the air compressors. For the
purposes of the analysis, a single bounding condition was performed, which assumed the station
and containment instrument air systems do not fail.

Case NOATWS

Description: This case is used to determine the benefit of eliminating all Anticipated Transient
Without Scram (ATWS) events. For the purposes of the analysis, a single bounding analysis was
performed which assumed that ATWS events do not occur.

Case NOSGTR

Description: This case is used to determine the benefit of eliminating all Steam Generator Tube
Rupture (SGTR) events. This allows evaluation of various possible improvements that could
reduce the risk associated with SGTR events. For the purposes of this analysis, a single
bounding analysis was performed which assumed that SGTR events do not occur.

Case RCPLOCA

Description: This case is used to determine the benefit of eliminating all Reactor Coolant Pump
(RCP) seal loss of coolant accident (LOCA) events. This allows evaluation of various possible
improvements that could reduce the risk associated with RCP seal LOCA and other small LOCA
events.

Case NOLOSP

Description: This case is used to determine the benefit of eliminating all Loss of Offsite Power
(LOSP) events, both as the initiating event and subsequent to a different initiating event. This
allows evaluation of various possible improvements that could reduce the risk associated with
LOSP events. For the purposes of the analysis, a single bounding analysis was performed which
assumed that LOSP events do not occur, both as an initiating event and subsequent to a different
initiating event.

Case NOSBO

Description: This case is used to determine the benefit of eliminating all Station Blackout (SBO)
events. This allows evaluation of possible improvements related to SBO sequences. For the
purpose of the analysis, a single bounding analysis is performed that assumes the emergency AC
power supplies do not fail.

Case NOSLB

Description: This case is used to determine the benefit of installing secondary side guard pipes
to the Main Steam Isolation Valves (MSIVs). This would prevent secondary side
depressurization should a Steam Line Break (SLB) occur upstream of the MSIVs. For the
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purposes of the analysis, a single bounding analysis was performed which assumed that no SLB
inside containment events occur.

HEP Cases

A description of the Operator Actions can be found in the Beaver Valley Unit 1 Probabilistic
Risk Assessment Update Report (Reference 27).

All HEP cases are performed using the red button feature of the RISKMAN code; this implies
the re-creation of a set of MFFs by the RISKMAN code.

Case HEP1

Description: The probability of basic event OPRWA1, Operator starts Aux RW pump given offsite
power is available, is reduced by a factor of 3. This case is used to evaluate improvements that would
lower the associated human error probability.

Case HEP2

Description: The probability of basic event OPRBV3, Operator starts portable fans & open doors in Emer.
Switchgear, is reduced by a factor of 3. This case is used to evaluate improvements that would lower the
associated human error probability.

Case HEP3

Description: The probability of basic event OPROS6, Operator initiates Safety Injection, is reduced by a
factor of 3. This case is used to evaluate improvements that would lower the associated human error
probability.

Case HEP4

Description: The probability of basic event OPROB2, Operator initiates bleed and feed cooling given
failure of prior actions to restore feedwater systems, is reduced by a factor of 3. This case is used to
evaluate improvements that would lower the associated human error probability.

Case HEPS

Description: The probability of basic event OPRWM1, Operator initiates makeup to RWST, is reduced by
a factor of 3. This case is used to evaluate improvements that would lower the associated human error
probability.
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Case HEPG6

Description: The probability of basic event OPROCI1, Operator trips RCPs during loss of CCR, is reduced
by a factor of 3. This case is used to evaluate improvements that would lower the associated human error
probability.

Case HEP7

Description: The probability of basic event OPROD?2, Operator initiates depressurization of RCS given a
General Transient initiating event, is reduced by a factor of 3. This case is used to evaluate improvements
that would lower the associated human error probability.

Case HEPS

Description: The probability of basic event OPRODI1, Operator initiates depressurization of RCS given a
SGTR initiating event, is reduced by a factor of 3. This case is used to evaluate improvements that would
lower the associated human error probability.

Case HEP9

Description: The probability of basic event OPRCD6, Operator initiates cooldown and depressurization of
RCS given a Small LOCA and failure of HHSI, is reduced by a factor of 3. This case is used to evaluate
improvements that would lower the associated human error probability.

Case HEP10

Description: The probability of basic event OPRLR1, Operator aligns hot leg recirculation, is reduced by
a factor of 3. This case is used to evaluate improvements that would lower the associated human error
probability.

Case LOCAO1

Description: Assume small LOCA events do not occur. This case is used to determine the
benefit of eliminating all small LOCA events.

Case LOCAOQ2

Description: Assume the high pressure injection system does not fail. This case is used to
determine the benefit of improvements to the High Pressure Injection Systems.
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Case LOCAO03

Description: Assume failures of the low pressure injection system do not occur. This case is
used to determine the benefit of improving the Low Pressure Injection Systems.

Case LOCA04

Description: This case assumes that the RWST cannot be depleted. This case is used to
determine the impact of refilling or backup of the water supply for the RWST.

Case LOCAO05

Description: Assume that piping system LOCAs do not occur. This case is used to determine the
benefit of eliminating all LOCA events related to piping failure (no change to non-piping failure
is considered).

Case LOCA06

Description: Assume ISLOCA events do not occur. This case is used to determine the benefit of
eliminating all ISLOCA events.

Case DC1

Description: Assume the DC power systems do not fail or deplete. This case is used to
determine the impact of the improvement in the DC power system.

Case CHGO1

Description: Assume the charging pumps are not dependent on cooling water. This case is used
to determine the benefit of removing the charging pumps dependency on cooling water.

Case SWO01

Description: Assume the service water pumps are not dependent on DC power. This case is used
to determine the benefit of enhancing the DC control power to the service water pumps.
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Case CCW01

Description: This case is used to determine the benefit of improvement to the CCW system by
assuming that CCW pumps do not fail.

Case FW01

Description: Eliminate loss of feedwater initiating events. This case is used to determine the
benefit of improvements to the feedwater and feedwater control systems.

Case RCPLOCA?2

Description: This case is used to determine the benefit of eliminating all RCP seal LOCA events
except those associated with seismic events with a PGA greater than 0.35g. This allows
evaluation of various possible improvements that could reduce the risk associated with RCP seal
LOCA and other small LOCA events. RCPLOCA2 (identified as RCPLOCA in the attached
Phase3SAMAMethod.doc file) is actually an extension of the RCPLOCA case run during
Phase I.

Case CONTO01

Description: Assume that the containment does not fail due to overpressurization. This case is
used to determine the benefit of eliminating all containment failures due to overpressurization.

Case H2ZBURN

Description: Assume hydrogen burns and detonations do not occur. This case is used to
determine the benefit of eliminating all hydrogen ignition and burns.

Case CONT02

Description: Assume there are no failures of containment isolation. This case is used to
determine the benefit of eliminating all containment isolation failures.

Case FIREO1

Description: Eliminate the cable spreading room fire that fails switchgear ventilation fans. This
case is used to determine the benefit of eliminating all fires that impact the fans in the cable
spreading room.
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Case DC2

Description: Assume a seismic event does not cause the block wall to fail which in turn fails the
batteries. This case is used to determine the benefit of eliminating the seismic failure of the
125VDC battery room block walls.

Case FIRE(02

Description: This case eliminates the fires in zone PA-1E causing failure of component cooling
water and of seal injection. This case is used to evaluate improvements that would help eliminate
or mitigate this fire.

Case FIRE(03

Description: This case eliminates the fires in zone CS-1, northeast corner, that cause failure of
both river water pumps and both auxiliary river water pumps. This case is used to evaluate
improvements that would help eliminate or mitigate this fire.

Case FIRE04

Description: This case eliminates the fires in zone NS-1 that cause total loss of river water. This
case is used to evaluate improvements that would help eliminate or mitigate this fire.

Case SEISMIC1

Description: This case reduces the failure of the ERF Substation batteries due to seismic events
(by setting the ERF Substation battery seismic capacity equivalent to the Unit 2 125V DC
Emergency battery capacity). This case is used to evaluate improvements that would strengthen
the ERF Substation battery racks.

Cases SGTR2, SGTR3, and SGTR4

Description: The SG sensitivity cases were performed assuming that the operator action to close
the RCS loop stop valves or to gag closed the stuck-open SG SV would only have a 50%
probability of success, as opposed to the 100% success probability assumed in the NOSGTR
maximum benefit case. To perform the SG sensitivity cases, the sum of SGTR release bin
frequencies were divided by the single SGTR initiating event frequency (1.6059E-03) to obtain
the SGTR conditional core damage probabilities for each release bin. The following describes
how these SGTR release bin frequency sums and conditional release bin frequencies were
applied to each sensitivity case.
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For the SGTR2 case, where the operators gag a stuck-open SV, only the unscrubbed containment
bypass release bin frequency (BV18) would be impacted. Since the assumed operator action to
gag closed the stuck-open SG SV has a 50% probability of success, the SGTR BV18 release bin
frequency was multiplied by 0.5. However, since the total CDF from SGTRs would not change
from performing this action, the other 50% of the BV18 release bin frequency was added to the
scrubbed small release bin frequency (BV20). The remaining SGTR release bin frequency sums
remained unchanged. These new SGTR bin frequencies were then added to the NOSGTR
release bin frequencies to obtain the SGTR2 sensitivity case release bin frequencies.

For the SGTR3 case, where the operators close the RCS loop stop valves, all of the SGTR
release bin frequencies are impacted, since this action would essentially terminate the SGTR.
Since the assumed operator action to perform this action has a 50% probability of success, the
SGTR initiating event frequency was multiplied by 0.5. This new initiating event frequency
(8.0295E-04) was then multiplied by each of the SGTR conditional release bin probabilities.
The resultant new SGTR bin frequencies were then added to the NOSGTR release bin
frequencies to obtain the SGTR3 sensitivity case release bin frequencies.

For the SGTR4 case, where the operators close the RCS loop stop valves and gag a stuck-open
SV, all of the SGTR release bin frequencies are impacted, since this action would essentially
terminate the SGTR. Since the assumed operator action to perform this action has a 50%
probability of success, the SGTR initiating event frequency was multiplied by 0.5. This new
initiating event frequency (8.0295E-04) was then multiplied by each of the SGTR conditional
release bin probabilities to obtain revised SGTR bin frequencies. Additionally, the unscrubbed
containment bypass release bin frequency (BV18) would be reduced by a 50% probability of
success for terminating the unscrubbed containment bypass release. Therefore, the revised
SGTR BV18 release bin frequency was further reduced by multiplying it by 0.5, and the other
50% of the revised BV18 release bin frequency was added to the revised scrubbed small release
bin frequency (BV20). These new SGTR bin frequencies were then added to the NOSGTR
release bin frequencies to obtain the SGTR4 sensitivity case release bin frequencies.
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EXECUTIVE SUMMARY

This report provides an analysis of the Severe Accident Mitigation Alternatives (SAMAs) that
were identified for consideration by the Beaver Valley Power Station Unit 2. This analysis was
conducted on a cost/benefit basis. The benefit results are contained in Section 4 of this report.
Candidate SAMAs that do not have benefit evaluations have been eliminated from further
consideration for any of the following reasons:

e The cost is considered excessive compared with benefits.
e The improvement is not applicable to Beaver Valley Unit 2.

e The improvement has already been implemented at Beaver Valley Unit 2 or the intent of
the improvement is met for Beaver Valley Unit 2.

After eliminating a portion of the SAMAs for the preceding reasons, the remaining SAMASs are
evaluated from a cost-benefit perspective. In general, the analysis approach examines the
SAMAs from a bounding analysis approach to determine whether the expected cost would
exceed a conservative approximation of the actual expected benefit. In most cases, therefore, a
detailed risk evaluation in which a specific modification/procedure change is evaluated would
indicate a smaller benefit than calculated in this evaluation.

Major insights from this benefit evaluation process included the following:

If all core damage risk is eliminated, then the benefit in dollars over 20 years is $5,093,366.
e The largest contributors to the total benefit estimate are from offsite dose and offsite
property damage.
e A large number of SAMAs had already been addressed by existing plant features,
modifications to improve the plant, existing procedures, or procedure changes to enhance
human performance.

The following SAMASs have been identified as potentially cost-beneficial.
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BV2 Potential Improvement Discussion Additional Discussion
SAMA

Number

3 Add additional battery charger Improved availability of DC
or portable, diesel-driven power system.
battery charger to existing DC
system.

78 Modify the startup feedwater Increased reliability of decay This would provide a system
pump so that it can be used as a | heat removal. similar to the dedicated AFW
backup to the emergency pump present at Unit 1.

feedwater system, including
during a station blackout
scenario.

164 Modify emergency procedures Reduce release due to SGTR.
to isolate a faulted ruptured SG
due to a stuck open safety
valve. This SAMA to provide
procedural guidance to close the
RCS loop stop valve to isolate
the generator from the core and
provide mechanical device to
close a stuck open SG safety
valve.
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1 INTRODUCTION

1.1 PURPOSE

The purpose of the analysis is to identify SAMA candidates at the Beaver Valley Power Station
Unit 2 that have the potential to reduce severe accident risk and to determine whether
implementation of the individual SAMA candidate would be cost beneficial. NRC license
renewal environmental regulations require SAMA evaluation.

1.2 REQUIREMENTS

e 10 CFR 51.53(c)(3)(ii)(L)

o The environmental report must contain a consideration of alternatives to mitigate
severe accidents “...if the staff has not previously considered severe accident
mitigation alternatives for the applicant’s plant in an environmental impact
statement or related supplement or in an environment assessment...”

e 10 CFR 51, Subpart A, Appendix B, Table B-1, Issue 76

o “...The probability weighted consequences of atmospheric releases, fallout onto
open bodies of water, releases to ground water, and societal and economic
impacts from severe accidents are small for all plants. However, alternatives to
mitigate severe accidents must be considered for all plants that have not
considered such alternatives....”

2 METHOD

The SAMA analysis approach applied in the Beaver Valley assessment consists of the following
steps.

e Determine Severe Accident Risk

Level 1 and 2 Probabilistic Risk Assessment (PRA) Model
The Beaver Valley Unit 2 PRA model (Section 3.1 — 3.2) was used as input to the
consolidated Beaver Valley Unit 1/2 Level 3 PRA analysis (Section 3.4).

The PRA results include the risk from internal and external events. The external hazards
evaluated in the PRA are internal fires and seismic events only. High winds and
tornadoes, external floods, and transportation and nearby facility accidents are not
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included in the results since they were screened from the IPEEE submittal because their
individual CDF fell below the cutoff criteria of 1.0E-06 per year.

Level 3 PRA Analysis

The Level 1 and 2 PRA output and site-specific meteorology, demographic, land use, and
emergency response data was used as input for the consolidated Beaver Valley Unit 1/2
Level 3 PRA (Section 3). This combined model was used to estimate the severe accident
risk i.e., off-site dose and economic impacts of a severe accident.

e Determine Cost of Severe Accident Risk / Maximum Benefit

The NRC regulatory analysis techniques to estimate the cost of severe accident risk were used
throughout this analysis. In this step these techniques were used to estimate the maximum benefit
that a SAMA could achieve if it eliminated all risk i.e., the maximum benefit (Section 4).

e SAMA Identification

In this step potential SAMA candidates (plant enhancements that reduce the likelihood of core
damage and/or reduce releases from containment) were identified by Beaver Valley Unit 2
(BVPS-2) plant staff, from the PRA model, Individual Plant Examination (IPE) and IPE —
External Events (IPEEE) recommendations, and industry documentation (Section 5). This
process included consideration of the PRA importance analysis because it has been demonstrated
by past SAMA analyses that SAMA candidates are not likely to prove cost-beneficial if they
only mitigate the consequences of events that present a low risk to the plant.

e Preliminary Screening (Phase I SAMA Analysis)

Because many of the SAMA candidates identified in the previous step are from the industry, it
was necessary to screen out SAMA candidates that were not applicable to the BVPS-2 design,
candidates that had already been implemented or whose benefits have been achieved at the plant
using other means, and candidates whose roughly estimated cost exceeded the maximum benefit.
Additionally, PRA insights (specifically, importance measures) were used directly to screen
SAMA candidates that did not address significant contributors to risk in this phase (Section 6).
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e Final Screening (Phase II SAMA Analysis)

In this step of the analysis the benefit of severe accident risk reduction was estimated for each of
the remaining SAMA candidates and compared to an implementation cost estimate to determine
net cost-benefit (Section 7). The benefit associated with each SAMA was determined by the
reduction in severe accident risk from the baseline derived by modifying the plant model to
represent the plant after implementing the candidate. In general, the modeling approach used
was a bounding approach to first determine a bounding value of the benefit. If this benefit was
determined to be smaller that the expected cost, no further modeling detail was necessary. If the
benefit was found to be greater that the estimated cost, the modeling was refined to remove
conservatism in the modeling and a less conservative benefit was determined for comparison
with the estimated cost.

Similarly, the initial cost estimate used in this analysis was the input from the expert panel (plant
staff familiar with design, construction, operation, training and maintenance) meeting. All costs
associated with a SAMA were considered, including design, engineering, safety analysis,
installation, and long-term maintenance, calibrations, training, etc. If the estimated cost was
found to be close to the estimated benefit, then first the benefit evaluation was refined to remove
conservatism and if the estimated cost and benefit were still close, then the cost estimate was
refined to assure that both the benefit calculation and the cost estimate are sufficiently accurate
to justify further decision making based upon the estimates.

e Sensitivity Analysis

The next step in the SAMA analysis process involved evaluation on the impact of changes in
SAMA analysis assumptions and uncertainties on the cost-benefit analysis (Section 8).

e Identify Conclusions

The final step involved summarizing the results and conclusions (Section 9).

3 SEVERE ACCIDENT RISK

The BVPS PRA models describe the results of the first two levels of the BVPS probabilistic risk
assessment for the plant’s two units. These levels are defined as follows: Level 1 determines
CDFs based on system analyses and human reliability assessments; Level 2 evaluates the impact
of severe accident phenomena on radiological releases and quantifies the condition of the
containment and the characteristics of the release of fission products to the environment. The
BVPS models use PRA techniques to:

e Develop an understanding of severe accident behavior;
e Understand the most likely severe accident consequences;

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.2-7



Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

e (Gain a quantitative understanding of the overall probabilities of core damage and
fission product releases; and

e Evaluate hardware and procedure changes to assess the overall probabilities of core
damage and fission product releases.

The Unit 1 and Unit 2 PRAs were initiated in response to Generic Letter 88-20, which resulted in
IPE and IPE for External Events (IPEEE) analyses. The current model for each Unit (BVIREV4
for Unit 1 and BV2REV4 for Unit 2) is a consolidated Level 1 / Level 2 model including both
internal and external initiating events (i.e., consolidates IPE and IPEEE studies into a single,
Unit-specific PRA model) for power operation. This means that severe accident sequences have
been developed from internal and external initiated events, including internal floods, internal
fires, and seismic events.

The PRA models used in this analysis to calculate severe accident risk due to Unit 2 are
described in this section. The Unit 2 Level 1 PRA model (internal and external), the Unit 2
Level 2 PRA model, Unit 2 PRA model review history, and the consolidated Unit 1/2 Level 3
PRA model, are described in Section 3.1, 3.2 and 3.4. Include results of the severe accident risk
calculation as shown in Section 3.5.

3.1 LEVEL 1 PRA MODEL

3.1.1 Internal Events

3.1.1.1 Description of Level I Internal Events PRA Model

The US Nuclear Regulatory Commission (NRC) issued Generic Letter No. 88-20, in December
1988, which requested each plant to perform an individual plant examination of internal events
(IPE) to identify any vulnerabilities. In response, Duquesne Light Company (DLC) submitted an
IPE report (Reference 4) using a probabilistic risk assessment (PRA) approach for Beaver Valley
Power Station Unit 2 (BVPS-2) in March 1992 that examined risk from internal events,
including internal flooding.

The updated PRA model, used to determine CDF, is the BV2REV4 model. This model contains
the Level 1 model for internal initiating events. The software used in the update process was
RISKMAN. A Level 1 PRA presents the risk (that is, what can go wrong and what is the
likelihood?) associated with core damage. For the updated PRA, core damage is defined as the
uncovery and heatup of the reactor core to the point where prolonged cladding oxidation and
severe fuel damage is anticipated. This condition is expected whenever the core exit
temperatures exceed 1,200°F and the core peak nodal temperatures exceed 1,800°F.
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The Beaver Valley Unit 2 Internal Events CDF is calculated to be 9.53E-06 /year. The fault tree
method of quantification is binary decision diagram quantification, which provides an exact
solution for split fraction values. The event tree quantification was calculated using a truncation
cutoff frequency of 1.0E-14, or more than 8 orders of magnitude below the baseline CDF. The
results of the CDF quantification of risk from internal events is summarized in Table 3.1.1.1-1
(Initiating Event Contribution to core damage) Table 3.1.1.1-2 (Basic Event Importance) and
Table 3.1.1.1-3 (Component Importance). Contribution to internal events CDF from ATWS and
SBO sequences is presented below for information purposes.

Contribution to CDF (/year)
ATWS 1.57E-07
SBO 8.14E-07

The original PRA model (IPE submittal) was based on the BVPS-2 plant configuration circa
1988 and was calculated using a plant specific database that included equipment failures and
maintenance history from startup until the end of 1988. During the IPEEE submittal (Reference
5), the PRA had a “freeze date” of December 31, 1996 for both plant configuration and
component failure data. The results presented in this report are based on an updated PRA model
(BV2REV4), which has a “freeze date” of November 13, 2006 for the plant configuration, and a
“freeze date” of December 31, 2005 for component failure data and internal initiating events
data. Equipment unavailabilities were based on Maintenance Rule availability history from June
1, 2000 to December 31, 2005. This updated PRA model was also revised to include modeling
enhancements.
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Table 3.1.1.1-1: BV2REV4 Dominant Initiating Event Contribution to Internal Core Damage

Initiating Contribution | Percent of g:rT:I:?t(:;’e
Initiator Description Event to Internal Internal Internal
Frequency | CDF CDF CDF

BPX Loss of Emergency 4160V AC Purple 1.40E-02 2.02E-06 21.2% 21.2%
AOX Loss of Emergency 4160V AC Orange | 1.43E-02 1.78E-06 18.7% 39.9%

Loss of Offsite Power - Extreme
LOSPE Weather Related 2.24E-03 6.61E-07 6.9% 46.8%
CVFLF Cable Vault Flood from Fire Water 1.46E-04 6.07E-07 6.4% 53.2%
WCX Loss of Service Water Trains A & B 2.61E-06 5.29E-07 5.5% 58.7%
SGFL2 Both Safeguards Area Flood, 4.88E-05 | 3.52E-07 3.7% 62.4%

Nonisolated
IcX Loss of Containment Instrument Air 8.59E-02 2.94E-07 3.1% 65.5%
VSX V-Sequence Initiating Event 2.80E-07 2.80E-07 2.9% 68.5%
ELOCA Excessive Loss of Coolant Accident 2.66E-07 2.66E-07 2.8% 71.2%
DPX Loss of Emergency 125V DC Purple 1.03E-02 2.64E-07 2.8% 74.0%
DOX Loss of Emergency 125V DC Orange 1.03E-02 2.53E-07 2.7% 76.7%
TTRIP Turbine/Generator Trip 4.49E-01 2.20E-07 2.3% 79.0%
WBXX Loss of Service Water Train B 4.72E-03 1.53E-07 1.6% 80.6%
RTRIP Reactor Trip 2.96E-01 1.34E-07 1.4% 82.0%
WAX Loss of Service Water Train A 4.15E-03 1.30E-07 1.3% 83.4%
SGTRC Loop C Steam Generator Tube Rupture | 1.61E-03 1.23E-07 1.3% 84.7%
SGTRA Loop A Steam Generator Tube Rupture | 1.61E-03 1.23E-07 1.3% 85.9%
SGTRB Loop B Steam Generator Tube Rupture | 1.61E-03 1.23E-07 1.3% 87.2%
PLMFW Partial Loss of Main Feedwater 2.44E-01 1.11E-07 1.2% 88.4%
SGFL1A | > SafeguardsTrain A Area Flood, ) 3 655 04 | 1.11E-07 1.2% 89.6%

Isolated
LOSPG Loss of Offsite Power - Grid Related 1.33E-02 8.01E-08 0.8% 90.4%
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Table 3.1.1.1-2 BV2REV4 Top 10 Basic Events by Risk Reduction Worth (Internal Events)

Applicable
Rank | Basic Event Name Basic Event Description RRW* SAMA
1 BSOR480VUS29 Bus 480VUS-2-9 Fails During Operation 1.12E+00 gfhizvsver
2 BSOR4KVS2DF 4160V Bus 4K VS-2DF Fails During Operation 1.12E+00 ‘g‘gﬁxer
3 BSOR480VUS28 Bus 480VUS-2-8 Fails During Operation 1.10E+00 g‘gl\ixer
4 BSOR4KVS2AE 4160V Bus 4KVS-2AE Fails During Operation 1.10E+00 ‘g‘gl\i/‘;‘:er
5 PTSR2FWEP22 Turbine Drive Pump 2FWE-P22 Fails to Run 1.10E+00 | SAMA 78
6 CBFC4KVS2D2D7 SS.ST—ZB Incoming BKR ACB-342B (4KVS-2D-2D7) 1.06E+00 AC Power
Fails to Close SAMAs
7 CBFC4KVSIAIA4 SS.ST—2A Incoming BKR ACB-42A (4KVS-2A-2A4) 1 06E--00 AC Power
Fails to Close SAMAs
. . . AC Power
8 XRORTRF29P 480VUS Transformer TRF-2-9P Fails During Operation 1.05E+00 SAMAS
9 OGXXXX Offsite Grid Fails Following Non-LOSP Initiator 1.05E+00 Q/Sl\izv:er
[FNOR2HVWEFN257A . . o .
10 FNOR2HVWFN257B golr{nunrion Cause Failure of Cubicle Ventilation Fans Fail 1. 05E+00 I;Xﬁis
FNOR2HVWFN257C]

* The Risk Reduction Worth (RRW) is defined by the following Fussell-Vesley (FV) relationship:

RRW =1/(1 - FV)
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Table 3.1.1.1-3 BV2REV4 Top 10 Components by Risk Reduction Worth w/o Common Cause (Internal Events)

Applicable

Rank (Component Name Component Description RRW?* |SAMA

1 480VUS-2-9 Emergency 480V AC Bus 480VUS-2-9 LI2E+003 ¢ r O
2 4KVS-2DF 4160V AC Emergency Bus 2DF 1.12E+00 ?fﬁivsver
3 2FWE-P22 Turbine Driven Auxiliary Feedwater Pump 1.11E+00SAMA 79
4 480VUS-2-8 Emergency 480V AC Bus 480VUS-2-8 1.11E+00 ‘;lgl\izvs"er
5 4KVS-2AE 4160V AC Emergency Bus 2AE 1.11E+00 ‘;lgl\izvs"er
6 2EGS-EG2-1 Emergency Diesel Generator 2-1 1.08E+00§§1\122V;er
7 2EGS-EG2-2 Emergency Diesel Generator 2-2 1.08E+00§§1\122V;er
8 TRF-2-9P Transformer For Substation 2-9 1.07E+00 gﬁixer
9 4KVS-2D-2D7 iic((:)gl_l;lfz?gl;pply Feed Bkr from TR-2B for Bus 2D LOTE+00 ggl\izv:er
10 TRF-2-8N Transformer for Substation 2-8 1.06E+00 g,gl\izv:er

* The Risk Reduction Worth (RRW) is defined by the following Fussell-Vesley (FV) relationship:

RRW=1/(1-FV)
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3.1.1.2 Level 1 PRA Model Changes since IPE Submittal

The major Level 1 changes incorporated into each revision of the Beaver Valley Unit 2
PRA model are discussed below. The individual effect on CDF by incorporating each of
these changes has not been analyzed. However, each change is listed in order of
expected importance, with the top change being the most important.

BVPS-2 PRA Model History
Internal Total

PRA Model | Rev. Date Comments
CDF LERF CDF LERF
BV2 0 | 03/17/92 | 1.90E-04 | 8.44E-06 - ; IPE Model
BV2REVI1 1 | 09/30/97 | 5.96E-05 | 9.05E-07 | 7.54E-05 | 1.14E-06 | IPEEE model
Integrated Level
BV2REV2 | 2 | 10/31/97 | 5.96E-05 | 9.05E-07 | 7.54E-05 | 1.14E-06 | 1 and Level 2
models
BV2REV3A | 3A | 01/31/02 | 8.50E-06 | 5.10E-07 | 1.60E-05 | 5.10E-07 | NEL00-02 Peer
Reviewed
NEI 00-02 Peer
BV2REV3B | 3B | 05/31/03 | 2.00E-05 | 1.14E-06 | 3.43E-05 | 1.14E-06 R"VF‘EX)QV B
addressed
BV2REV4 | 4 | 04/02/07 | 9.53E-06 | 4.06E-07 | 2.40E-05 | 4.09E-07 Af/lco/ f:l’ u

Beaver Valley Unit 2 Revision 0

This revision represents the base case IPE quantification and resulted in a core damage
frequency of 1.90E-04 / year for internal events.

Beaver Valley Unit 2 Revision 1

Beaver Valley Unit 2 Revision 1 served as the baseline risk model for the IPEEE and
included implementation of IPE vulnerability enhancements. This model was made with
the following model modifications. The changes resulted in an internal events core
damage frequency of 5.96E-05 / year.

e The updated model gave credit for the operators to depressurize the RCS during small
break LOCAs, so that a low head safety injection pump can provide makeup and core
cooling, given the failure of the high head safety injection system. The CDF
definition was also changed so that both core exit temperatures exceeded 1,200°F and
the core peak nodal temperatures exceeded 1,800°F must be present.

e The revised frequency included consideration of the station cross-tie connecting the
4KV normal buses of Beaver Valley Units 1 and 2. The cross-tie model permits
credit for the Unit 1 emergency diesel generators, if available, to power either Unit 2
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emergency AC bus 2AE or 2DF, given the failure of both Unit 2 emergency diesel
generators and a loss of offsite power.

e An analysis was performed based on actual test data to determine the room heatup
rate for the Unit 2 emergency switchgear area following the loss of all ventilation.
The results of this analysis concluded that the area would not heat up past the
equipment qualification limit during a 24 hour period. Therefore, based on this
analysis, Top Event “BV”, which contributed 17.1% to the IPE CDF, was eliminated
from the updated BVPS-2 model.

e The Unit 2 ATWS model was also revised to give full pressure relief capacity credit
for each of the 3 PORVs to reduce the unfavorable exposure time and models all
possible PORYV alignments.

Beaver Valley Unit 2 Revision 2

This revision simply integrated the Beaver Valley Unit 2 Revision 1, Level 1 and Level 2
PRA models into a single PRA model. The internal events core damage frequency
remained at 5.96E-05 / year.

Beaver Valley Unit 2 Revision 3A

Beaver Valley Unit 2 Revision 3A was an interim PRA model that was used in the NEI
00-02 PRA Peer Review process. This revision was made with the following model
modifications. The changes resulted in an internal events core damage frequency of
8.50E-06 / year.

e The updated model used the latest industry methodology for determining reactor coolant
pump (RCP) seal LOCAs. This methodology is based on Westinghouse WCAP-15603, Rev.
0 (Reference 21); however, it was slightly modified to account for the NRC’s preliminary
comments reviewing the WCAP. This modification used a number 1 seal popping-and-
binding failure probability P(PB1) of 0.025 (which is the same as the Brookhaven Model)
instead of 0.0125. With this new RCP seal LOCA model there was a 78-percent probability
that the seal leakage would not exceed 21 gpm per RCP during the loss of all seal cooling
condition, which accounts for the installed high-temperature O-rings on all three RCPs.

o The revised RCP seal LOCA frequency also included plant specific thermal hydraulic
analyses performed with MAAP 4.0.4, which now accounts for sequences that do not go to
core melt during a 24 hour period, given that AFW is available. These analyses were
performed for both station blackout and loss of all service water scenarios.

o The initiating events data was based on Westinghouse WCAP-15210 (Reference 10) to
develop a generic prior and then Bayesian updated using Beaver Valley Unit 2 actual plant
experience.

e The Electric Power Recovery model, updated with the latest system models, credited more
scenarios with recovery of the fast bus transfer breakers, emergency diesel generators, and
offsite grid.

e The turbine driven auxiliary feedwater pump failure data was revisited to see if any
previously counted failures could be eliminated from inclusion into the plant specific data
update. Of the eight failures included in the previous PRA model for the ZTPTSR (Turbine
driven auxiliary feedwater pump failure to run during operation) failure rate, four failures to

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.2-14



Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

run were eliminated and one failure to run was reclassified as a failure to start. Of the four
failures to run that were eliminated; one was a packing leak, one was an oil leak, one that
required OST support was moved into another failure, and one had instructions revised so
that the governor valve linkage is no longer painted. This reduced the ZTPTSR failure rate
by nearly 56%.

e The reactor trip breaker failure rates were now based on NUREG/CR-5500 (Reference 22)
and then Bayesian updated using a more detailed analysis of Beaver Valley Unit 2 actual
plant experience.

e Motor operated valve failure rates were based on NUREG-1715 (Reference 23) to develop a
generic prior and then Bayesian updated using Beaver Valley Unit 2 actual plant experience.

o The SSPS split fractions were based on a CAFTA model using BVPS-2 plant specific
components and Westinghouse generic failure rates. This model was developed as part of the
risk-informed application for the Unit 2 Slave Relay Surveillance Test Interval Extension.

e Each of the emergency diesel generators were assigned 2.5% of unavailability associated with
them based on the current INPO/WANO industry guidelines, which was intended to provide
more hours for future on-line maintenance.

Beaver Valley Unit 2 Revision 3B

Beaver Valley Unit 2 Revision 3B was made with the following model modifications and
incorporated the PRA Peer Review resolutions to the category A and B F&Os. The
changes resulted in an internal events core damage frequency of 2.00E-05 / year.

e The revised RCP Seal LOCA frequency also included plant specific thermal-hydraulic
analyses performed with Modular Accident Analysis Program (MAAP) 4.0.4, which
accounted for sequences that do not go to core melt during a 48-hour period, given that AFW
is available, as non-core damage sequences. These analyses were performed for both Station
Blackout and loss of all service water scenarios. RCP Seal LOCA sequences that uncover the
core before 48 hours, but after 30 hours, used an electric power recovery factor based on the
probability of not recovering offsite power before core damage occurs using the Plant-
Centered LOSP Recovery lognormal distribution reported in NUREG/CR-5496 and the
median probability of not recovering at least one emergency diesel generator at times greater
than 24-hours (if available for recovery).

e The initiating events data was based on WCAP-15210 to develop a generic prior and then
Bayesian updated using Beaver Valley Unit 2 actual plant experience. Based on the PRA
Peer Review comments, the first year of commercial operation was excluded from the
Bayesian update data. Additionally, LOCA initiating event frequencies were based on the
interim LOCA frequencies taken from Table 4.1 of the “Technical Work to Support Possible
Rulemaking for a Risk-Informed Alternative to 10CFR50.46/GDC 357, to account for aging-
related failure mechanisms.

e In response to PRA Peer Review comments on the ATWS model, operator credit to perform
emergency boration was now given even if earlier actions to manually trip the reactor or
insert control rods fail.

e Based on the PRA Peer Review comments, the success terms for the component failure data
were revisited and checked against the Maintenance Rule estimated demands and operating
time given by the System Engineers, for a 13.2 year period. Any discrepancies between that
used in the BV2REV3A data were resolved and the failure data was revised using a Bayesian
update process in the BV2REV3B PRA model.
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e The concerns of the PRA Peer Review on the interfacing system LOCA initiating event
frequency were addressed using the latest industry information from NUREG/CR-5102 and
NUREG/CR-5603. Additionally, the Monte Carlo value from this revised model was used for
the initiating event frequency.

Beaver Valley Unit 2 Revision 4

Beaver Valley Unit 2 Revision 4 was made with the following model modifications. The
changes resulted in an internal events core damage frequency of 9.53E-06 / year.

e The emergency diesel generator unavailability was once again based on historical
BVPS unavailability, since extended on-line maintenance beyond 72-hours would
require the availability of an additional AC power source (e.g., spare diesel generator)
capable of supplying safe shutdown loads during a station blackout, per Amendments
1A-268 & 2A-150. Therefore, it is believed that there is a low probability that the
extended AOT would ever be implemented, and hence, significant emergency diesel
generator unavailability should only be accrued during plant outages.

e Credit was given for the Operators to align a spare battery charger on the 125V DC
Busses 2-1 and 2-2 given that their primary battery charger has failed and the
batteries are supplying the bus. These actions are now directed in Alarm Response
Procedures 20M-39.4.AAD and 20M-39.4.AAE.

e Credit was given for the main feedwater pump discharge check valves (2FWS-1 &
2FWS-2) to prevent flow diversion from the auxiliary feedwater pumps, in
conjunction with the previously modeled main feedwater check valves (2FWS-28, 29,
& 30).

e The alternate high head safety injection flow path through 2SIS-MOV836 was
credited, given the failure of the primary high head safety injection flow path through
the 2SIS-MOV867 valves.

e The third train of station instrument air, consisting of an auto start, diesel driven
station air compressor was included in the PRA model. This system also provides an
air supply to the containment instrument air system.

e Credit for Operators to manually initiate safety injection following a large break
LOCA was given, with an associated human error probability of 2.1E-02, as opposed
to an assumed guaranteed failure in previous PRA models.

e The methodology used to calculate the human error probabilities was changed from
the SLIM to the EPRI HRA Calculator. These new HEPs also used operator action
timings based on plant specific MAAP thermal hydraulic analysis that included the
EPU and ACC.

e The updated model used the latest NRC accepted methodology for determining RCP
Seal LOCAs. This methodology is based on Westinghouse’s WCAP-15603, Revision
I-A, “WOG 2000 Reactor Coolant Pump Seal Leakage Model for Westinghouse
PWRs.” The use of this revision differs from the previous PRA model in that the 57
gpm RCP seal LOCA probability was reassigned to the 182 gpm seal LOCA, and
now has a zero probability. This is due to the NRC review of the WCAP, which
concluded that given the failure of the second stage seal the third stage seal failure
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probability is unity, since it is not designed to handle more than the normal operating
pressure differential of a few psid. However, with this new RCP Seal LOCA model
there is now a 79% probability that the seal leakage will not exceed 21 gpm per RCP
during the loss of all seal cooling condition, which accounts for the installed high-
temperature o-rings on all three RCPs.

e The revised RCP Seal LOCA frequency also included plant specific thermal
hydraulic analyses performed with MAAP DBA and accounts for full EPU
conditions. RCP Seal LOCA sequences that do not go to core melt during a 48 hour
period, given that AFW is available, are not counted as core damage sequences, since
it is believed that alternate equipment could be provided within this time frame to
maintain the reactor in a safe stable state. These MAAP analyses were performed for
both Station Blackout and loss of all river (service) water scenarios.

e The initiating events data was based on Westinghouse WCAP-15210, Revision 1,
“Transient Initiated Event Operating History Database for U.S. Westinghouse NSSS
Plants (1987 — 1997)” to develop a generic prior and then Bayesian updated using
Beaver Valley Unit 2 actual plant experience from January 1, 1989 though December
31, 2005.

e The loss of offsite power (LOSP) initiating event was broken down into five separate
initiators; (1) plant-centered, (2) grid-centered, (3) switchyard centered, (4) severe
weather related, and (5) extreme weather related. The basis for these initiating event
frequencies comes from NUREG/CR-INEEL/EXT-04-02326, “Evaluation of Loss of
Offsite Power Events at Nuclear Power Plants: 1986 — 2003 (Draft),” that were
Bayesian updated with BVPS-2 plant specific data.

e The offsite power restoration probability curves used in the electric power recovery
analyses were also based on NUREG/CR-INEEL/EXT-04-02326 potential bus
restoration data using a composite curve. The composite curve is a frequency-
weighted average of the four individual LOSP category curves (it excluded the
extreme weather related data), which was Bayesian updated with plant-specific LOSP
frequencies. The electric power recovery factors were not credited for extreme
weather related LOSP initiators.

e The consequential loss of offsite power probability following reactor trips was
updated.

3.1.2 External Events

For external events, the development of a list of possible scenarios is similar to that for internal
events. Because of this, the models for external events can take advantage of much of the work
completed for internal events. Rather than develop new event trees for external events, use is
made of the most appropriate event trees developed earlier for internal events. Only the changes
needed to account for the unique aspects of the external events are required.
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3.1.2.1 Internal Fires

The fire analysis employs a scenario-based approach that meets the intent of NUREG-1407 to
systematically identify fire and smoke hazards and their associated risk impact to BVPS-2. The
analysis was divided into two phases: (1) a spatial interactions analysis phase and (2) a detailed
analysis phase. In the spatial interactions analysis phase, one or more fire and smoke hazard
scenarios were developed for each plant location that can potentially initiate a plant transient or
affect the ability of the plant to mitigate an accident. The scenarios developed in this phase are
called location scenarios. Conservative assumptions were made in the assessment of scenario
impacts to screen out location scenarios that have a relatively insignificant impact on plant
safety.

In the detailed analysis phase, detailed scenarios were developed for the location scenarios that
survived the spatial interactions analysis screening. One or several frequency reduction factors
(geometry factor, severity factor, fire nonsuppression factor, and nonrecovery factor) were
assessed for each detailed scenario. As each frequency reduction factor was assessed,
conservatism introduced in the earlier phase was reduced and the complexity of the analysis
progressively increased. Whenever one or more reduction factors led to the conclusion that the
risk associated with a detailed scenario was relatively insignificant, the analysis for that detailed
scenario would be halted. Each detailed scenario was evaluated iteratively until the scenario was
considered to be relatively risk insignificant or all frequency reduction factors were assessed.
The plant vulnerabilities to fire and smoke hazards were assessed by aggregating the risk impact
of the subscenarios. The frequency of fire and smoke hazard-initiated core damage sequences
was used as a measure of the potential for plant vulnerabilities.

The containment performance in response to fire threats, Fire Risk Scoping Study (FRSS) issues,
and other special safety issues were also evaluated. Low-cost risk management options could
then be identified to reduce the risk impact associated with these scenarios.

The major steps of the Beaver Valley Fire Individual Plant Examination for External Events
(IPEEE) are summarized as follows:

o Phase 1: Spatial Interactions Analysis

Information Gathering and Data Collection

Preliminary Screening and Identification of Important Locations
Development of Location Scenarios

Quantitative Screening

P

e Phase 2: Detailed Analysis

Development and Analysis of Detailed Scenarios
Sensitivity/Uncertainty Analysis

Containment Performance Evaluation
Resolution of the FRSS and Other Safety Issues

XN
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The BVPS-2 Fire PRA has not been explicitly updated since the IPEEE. However, as the Fire
sequences are dependent on internal events modeling, the Fire sequences have implicitly been
partially updated with updates to the internal events models. Additionally, screened-out detailed
scenarios that were considered to be relatively risk insignificant in the IPEEE, but close to the
threshold (1.4E-07/yr at Unit 2), were reanalyzed and included in subsequent PRA model
revisions. Results of the Fire PRA for BVPS-2 are provided in the following Table 3.1.2.1-1

Table 3.1.2.1-1: Fire PRA Results
BVPS-2 PRA Model
Current Fire CDF (/year) 4.80E-06
IPEEE Fire CDF (/year) 1.05E-05

Beaver Valley Unit 2 IPEEE Information

The IPEEE concluded that there are no readily apparent vulnerabilities to fire events at BVPS-2.
The discussion that follows highlights the most significant contributors, in terms of how the plant
might be changed to reduce the already acceptable risk.

Two general areas for improvement are considered; i.e., the equipment impacts that may result
from fires in key areas, and the plant response to the most risk significant postulated fires. The
current controls in place at BVPS-2 are judged to be adequate to limit the frequency of fires from
internal plant sources.

The extent of equipment impacted by a fire depends on the originating location and to a large
extent, the amount and arrangement of cables within the rooms affected. For many of the key
fire subscenarios identified, the equipment impacts are limited. For example, both trains of
service water may be disabled by the fire, but there may be no other plant impacts. For such
scenarios, repositioning of equipment or the rerouting of selected cables may be effective at
reducing the risks of core damage.

Possible changes that might affect the frequency of the top five fire subscenarios that account for
almost 53% of the fire-initiated CDF are discussed below and are presented in Table 3.1.2.1-2
(extracted from Table 7-1 of the BVPS-2 IPEEE) for BVPS-2. The frequency assessment of the
key scenarios is consistent with the analysis in Appendix R, in that, for the key scenarios, it
accounts for operator recovery actions that may have been credited in the Appendix R analysis.
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3.1.2.2 Seismic Events

A PRA was performed for internal initiating events on the Beaver Valley Power Station in
satisfaction of the IPE requirements. To assess the risk contribution and significance of seismic-
initiated events to the total plant risk, it was determined that the PRA method should also be used
for the seismic analysis to meet the requirements of the IPEEE.

Beaver Valley selected the Seismic PRA option over the seismic margins option for the
following reasons:

o With the existing PRAs for internal events that were developed to support the IPE and the
decision to extend the PRA for all of the external events within the IPEEE scope, all severe
accident issues are addressed within the context of an integrated PRA model that consistently
treats all internal and external initiating events. This model rigorously accounts for all
accident sequences resulting from any combination of internal and external events. The
resulting risk information provided from this integrated approach was viewed as more useful
to DLC management to make decisions about allocating resources to manage the risks of
severe accidents.

o With the ability to link the Level 1 and Level 2 event trees as demonstrated in the IPE, the
selected PRA approach was found to provide a more rigorous examination of potential
containment vulnerabilities and seismic/systems interactions impacting containment
effectiveness than was possible using the seismic margins approach.

The methodology selected is consistent with PRAs performed with the procedures contained in
NUREG/CR-2300. In general, the methodology used in the analysis consisted of the following
main steps:

e Seismic Hazard Analysis. Determination of the frequency of various potential peak ground
accelerations (PGA) at the site, and an assessment of the likelihood of landslides and soil
liquefaction.

o Fragility Analysis. Determination of the conditional failure probability of risk-related plant
structures and components at peak ground accelerations.

o Plant Logic Analysis. Development of logic models that evaluate the potential structure and
component failure scenarios. The models include seismic-induced failures that may initiate
an accident scenario and may directly disable components or systems needed to successfully
terminate the scenario. The models also include potential failures and unavailabilities of
components due to nonseismic causes.

e Level 1/2 Integration. The linking of Level 1 seismic event trees with the Level 2
containment event tree for an integrated Level 2 PRA of seismic events and seismic/system
integrations to examine containment effectiveness.
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Assembly and Quantification. Assembly of the seismic hazard, component fragilities and
nonseismic unavailabilities, and plant logic models, including model quantification to obtain
point estimates for core damage, plant damage state, release category, and scenario
frequencies that result from seismic-initiated events.

Uncertainty Quantification. Calculation of probability distributions for category (Level 2
results) and core damage frequencies (Level 1 results) that can be combined with the results

from other initiating events.

The BVPS-2 Seismic PRA has not been explicitly updated since the IPEEE. However, as the
seismic sequences are dependent on internal events modeling, the seismic sequences have
implicitly been partially updated with updates to the internal events models. Additionally,
BVPS-2 Revision 3A PRA model revised the component seismic fragilities based on the
September 10, 1999 response to the Nuclear Regulatory Commission's IPEEE Request for
Additional Information, dated July 8, 1999. This response noted that following a review of the
analysis, the BVPS median capacities for those structures and equipment for which the seismic
fragilities were directly calculated were overestimated by approximately 36%. Incorporating
these new component fragilities resulted in the modeling of additional Seismic Top Events, as
well as, increasing the failure probabilities. Results of the Seismic PRA for BVPS-2 are
provided in the following Table 3.1.2.2-1

Table 3.1.2.2-1: Seismic PRA Results
BVPS-2 PRA Model
Current Seismic CDF 9.70E-06
(/year)
IPEEE Seismic CDF 5.33E-06 (Original)
(/year) 1.03E-05 (RAI Revised)

Beaver Valley Unit 2 IPEEE Seismic Information

The IPEEE concluded that there are no readily apparent vulnerabilities to seismic events at
BVPS-2. The discussion that follows highlights the most significant seismic contributors, in
terms of what might be changed to reduce the already acceptable risk. Two general areas for
improvement were considered; (1) the plant response to seismic-initiated failures, and (2) the
equipment seismic fragilities.

For all but 2 of the top 50 highest frequency core damage sequences in the original [IPEEE
submittal, the conditional probability of core damage given the seismic initiating event and
failures directly attributable to it are all 1.0. In the large majority of these sequences, either the
seismic failures result in a station blackout, or the loss of all service water. In some of the top
sequences, there may be two or more failures, which if they occurred alone, would each result in
core damage. In the 2 sequences, which are an exception to the above, the seismic failure of the
normal 4KV AC and 125V DC busses places a demand on the emergency diesel generators. The
non-seismic, probabilistic failures of the diesel generators then result in a station blackout, given
that the Unit AC power crosstie is unavailable due to the seismic failure of the normal 4KV
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busses. The CDF contribution from these 2 sequences is about 4.41E-08. Moreover, the total
CDF from all similar sequences is only 1.75E-07. Therefore, it is concluded that options to
improve the plant response to seismic events would not be effective in limiting risk. This
conclusion was also reached in the IPEEE RAI response.

The offsite power grid, the 125V DC ERF Substation batteries, and the station air
compressors/turbine building block walls are assessed as having the lowest fragility curves of
those modeled. However, the most risk significant seismic fragility is that of the 4KV
emergency bus transformers and diesel generators/DG building. Failures of these SSCs are
assumed to result in the loss of emergency AC power and result in a station blackout leading to
eventual core damage. Although enhancements to these SSCs could reduce the seismic CDF by
almost 29%, they are not considered feasible since their HCLPF values exceed 0.28g (or more
than twice the BVPS-2 SSE value of 0.125g) and the seismic CDF contribution is already low
when compared to the internal events CDF.

These recommended enhancements to BVPS-2 are summarized in Table 3.1.2-1 (extracted from
Table 7-1 of the BVPS-2 IPEEE).

Beaver Valley Unit 2 USI A-45 Resolution

Resolution of the external events portion of Unresolved Safety Issue A-45 was subsumed into the
IPEEE requirements that allow plant-specific evaluation of the safety adequacy of decay heat
removal systems.

The Beaver Valley Unit 2 PRA results do provide indications of the importance of systems that
directly perform the decay heat removal function. The IPEEE indicated the importance of
systems that perform the decay heat removal function. Five classes of systems were considered:
main feedwater, auxiliary feedwater, bleed and feed cooling, steam generator depressurization
for RCS cooldown, and closed loop residual heat removal. Importance was measured by the
percentage of core damage frequency attributable to sequences that involve failure of the
indicated split fraction. The importance measures are not additive because more than one of the
ranked split fractions may, and often do, fail in the same sequence.

Two event tree top events are used to represent the main feedwater system. Top Event “MF”
represents the hardware failure modes under normal operations and Top Event “OF” represents
the operator action to realign main feedwater after a plant trip, given that auxiliary feedwater
fails. All of the main feedwater system hardware failures occur in sequences in which main
feedwater is lost due to the seismically caused loss of its support systems, i.e., split fraction
MFF. Failure of the operators to realign main feedwater after the plant trip is dominated by
earthquakes with PGAs above 0.5g.

Top Event “AF” represents the auxiliary feedwater system. The most important auxiliary
feedwater system failures are due to operators failing to provide makeup water to the auxiliary
feedwater pumps after the depletion of supply tank 2FWE-TK210 for earthquakes with PGAs
above 0.5g. The next most important auxiliary feedwater system failures are failures of the
turbine driven pump given loss of electrical support to the motor driven pumps.
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Feed and bleed cooling is modeled by three separate event tree top events: Top Event “HH” for
the HHSI pumps and flow path from the RWST, Top Event “HC” for the cold leg injection flow
path, and Top Event “OB” that models the bleed path via the pressurizer. Because of the credit
taken for realigning the electric-driven main feedwater pumps, the Beaver Valley Unit 2 design
minimizes the frequency of sequences involving failure of AFW and bleed and feed cooling,
relative to other PWRs. Two of these three top events (“HC” and “HH”) are also used to model
high head safety injection in the event of a small LOCA.

Top Event “CD” models the action to depressurize the steam generators in sequences where it is
desirable to cool down and depressurize the RCS. Steam generator depressurization helps to
limit RCS leakage during a station blackout or a steam generator tube rupture with a stuck-open
secondary side valve. It is also used during small LOCAs in order to inject water into the reactor
core with the low head safety injection pumps given the failure of the high head safety injection
pumps. As can be seen from the percentage of contribution listed in IPEEE Table 3-18, such
failures are relatively unimportant to the core damage frequency.

Finally, the importance of cooling via the residual heat removal system is also indicated in
IPEEE Table 3-18. The RHR system plays only a minor role in the determination of the core
melt frequency. By design, this system is tripped off on a Phase B containment isolation signal.
No sequences greater than 1.6E-09 per year involved failure of the RHR.

In summary, no particular vulnerabilities of the Beaver Valley Unit 2 systems that are used to
perform decay heat removal were identified. The majority of the seismic core damage frequency
at Beaver Valley Unit 2 comes from the loss of emergency AC power caused by the seismic
initiating event or failure of operator actions following earthquakes with PGAs above 0.5g. No
discernible frequency comes from failures of decay heat removal.

3.1.2.3 Other External Events

NUREG-1407 recommends a screening type approach, as shown in Figure 3.1.2.3-1 (taken from
Figure 5-1 of NUREG-1407), to evaluate the external hazards included in this section. The
general methodology used at BVPS-2 follows the approach recommended by NUREG-1407 and
consists of the following steps:

Establishing a List of Plant-Specific Other External Events
Progressive Screening

Walkdown

Documentation
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RECOMMENDED IPEEE APPROACH
FOR WINDS, FLOODS, AND OTHERS

(1) Review Plant-Specific Hazard Data and Licensing Bases (FSAR)

l

(2) Identify Significant Changes, if Any, Since OL Issuance

A 4

No (3) Does Plant/Facilities Design Meet 1975 SRP Criteria? (Quick Screening Yes
¢ and Walkdown) >
Or Yes
——p| (4) Is the Hazard Frequency Acceptably Low? P
No l
Or Yes
—»| (5) Bounding Analysis (Response/Consequence) g
No l
Or

— | (6) Probabilistic Risk Assessment

:

(7) Documentation (including Identified Reportable ltems and Proposed y
Improvements)

Note: Steps 4 through 6 are optional.
Figure 3.1.2.3-1: NUREG-1407 Screening Approach
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Based on the results in the BVPS-2 IPEEE, it was concluded that the plant structures at the site
are well designed to withstand the high wind associated hazards and that no potential
vulnerability is identified.

Since the plant and facilities design meets the 1975 SRP criteria, and that there are no existing
plant changes that could affect the plant hazard data or the licensing bases with respect to
flooding, the core damage frequency due to external flooding was estimated to be less than
1.0E-06 per year for BVPS-2.

The NRC staff concluded, in the BVPS-2 IPEEE SER, that, according to GDC 4, GDC 19, and
SRP Section 2.2.3, the BVPS plant is adequately protected and acceptable with respect to
transportation and nearby facility hazards.

Based on the review of the lightning events that have occurred at the site, it was concluded that
they were less severe than a complete loss of offsite power to BVPS-2. Also, according to
Section 2.6 of NUREG-1407, the probability of a severe accident caused by lightning would be
relatively low. Therefore, lightning is an insignificant contributor to core damage frequency for
BVPS-2.

The contribution to the BVPS-2 total CDF from the other external events is less than 1.0E-06 per
year, and as concluded in the BVPS-2 IPEEE, there are no vulnerabilities to the other external
events at BVPS-2.

3.1.2.4 External Event Severe Accident Risk

External event severe accident risk assessment is integrated with the internal events risk; the
PRA includes both internal and external. This assessment approach provides the means to
evaluate SAMAs for both internal and external events impacts simultaneously without the need
to separately estimate the impact of the potential improvements on external events.

3.2 LEVEL 2 PLANT SPECIFIC MODEL

The Level 2 PRA model determines release frequency, severity, and timing based on the Level 1
PRA, containment performance, and accident progression analyses.

3.2.1 Description of Level 2 PRA Model

The accident sequence analysis defines the manner in which expected plant response to each
identified initiating event or initiating event category is represented and quantified. This
accounts for successes and failures of safety functions and related systems, and human actions to
determine whether or not core damage occurs. The result of the Level 1 accident sequence
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analysis is the definition of a set of event trees used to represent and quantify the accident
sequences.

The Level 2 analysis extends the Level 1 analysis to investigate the release category potential for
core damage end states found. A containment event tree is used to represent and quantify the
LERF potential when quantified with the Level 1 event trees.

The Level 2 analysis is highly interdependent with other PRA tasks. The accident sequence
plant damage states define the categories of core damage sequences to be considered in the Level
2 analysis. The event tree used to represent and quantify the LERF potential is linked to the
event trees representing the Level 1 analysis.

Each end state of the plant model (front-end or Level 1) event trees defines an accident sequence
that results from an initiating event followed by the success or failure of various plant systems
and/or the success or failure of operators to respond to procedures or otherwise intervene to
mitigate the accident. Each accident sequence has a unique signature due to the particular
combination of top event successes and failures. Each accident sequence that results in core
damage could be evaluated explicitly in terms of the accident progression and the release of
radioactive materials, if any, into the environment. However, since there can be millions of such
sequences, it is impractical to perform thermal-hydraulic analyses and CET split-fraction
quantification for each accident sequence. Therefore, for practical reasons, the Level 1
sequences are usually grouped into PDS (or accident class) bins, each of which collects all of
those sequences for which the progression of core damage, the release of fission products from
the fuel, the status of the containment and its systems, and the potential for mitigating source
terms are similar. A detailed split-fraction analysis is then focused on specific sequences
selected to represent risk-significant bins.

PDS bins have been used as the entry states (similar to initiating events for the plant model event
trees) to the CETs. The PDS bins are characterized by thermodynamic conditions in the RCS
and the containment at the onset of core damage, and the availability or unavailability of both
passive and active plant features that can terminate the accident or mitigate the release of
radioactive materials into the environment.

However, this was not the case in the BVPS-2 PRA models, where the CET was linked directly
to the Level 1 trees to generate the frequencies of the defined release categories. Although the
CET was linked directly to the Level 1 trees, the concept of PDSs was retained to minimize the
number of CET top event split fractions that must be calculated. Furthermore, the CET was
quantified separately for a number of key PDSs to facilitate debugging of the rules used for
assigning CET split fractions and binning sequences to appropriate release categories.

The PDSs are characterized in such a manner to facilitate Level 2 quantification. However, the
core damage frequency need not be characterized using the same PDS bins. In fact, Level 1
results have been characterized using much broader bin definitions.

Representative accident sequences must be selected to quantify split-fraction values for the CET.
If PDSs are defined, a representative accident sequence(s) is selected for each risk-significant
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PDS. These representative sequences are analyzed in detail with appropriate thermal-hydraulic
and fission product transport codes such as the Modular Accident Analysis Program, the Source
Term Code Package, and/or the MELCOR program to characterize the timing of important
events (such as the onset of severe core damage and reactor vessel melt-through) as well as the
nature of the core damage, containment failure, and fission product release.

The BV2REV4 PDS groups are presented in Table 3.2.1-4.

PDS groups are evaluated in a Containment Event Tree. CET sequences are then grouped and
binned in previously defined release category bins based on sequence and containment
conditions as shown in Table 3.2.1-5 (Table 4.7-7 in the BVPS-2 IPE Summary Report
submittal).

The IPE source term evaluation was based on radionuclide releases of 20 Beaver Valley release
category bins plus an intact containment bin. However, in support of the SAMA, BVPS has
elected to upgrade the source release fractions for select bounding release categories based on
current plant specific MAAP-DBA analyses that account for EPU conditions. In support of
SAMA evaluations it is not necessary to run a MAAP case to represent each individual IPE
release class for BVPS (i.e., BV1 — BV21). The release categories identified in Table 3.2.1-6 are
those that are applicable to the plant’s Level 3 and SAMA evaluations and were re-evaluated
using MAAP-DBA. The specific MAAP cases provided in the table were judged to be sufficient
to represent each release category identified in the BVPS SAMA evaluation.

All MAAP-DBA cases were analyzed for 24 hours after the time of release, or demonstrated that
a complete release has been produced (i.e., at least 98% of the noble gases have been released
from containment).

The Level 2 quantification extends the Level 1 results of the Beaver Valley Unit 2 PRA to
include the Level 2 results. This extension has been accomplished by linking the CET (discussed
earlier in this section) to the Level 1 trees, and by assigning the end states of the linked Levels 1
and 2 trees to the appropriate release categories. For reporting, the release categories have been
binned into four groups, as shown in Table 3.2.1-1. Basic Event Importances (Table 3.2.1-2) and
Component Importances (Table 3.2.1-3) for the Large Early Release category group are provided
for information.
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Table 3.2.1-1: BV2REV4 Release Cate

ory Group Definition and Results

Associated CDF

Percentage of

Release Type Description (per year) Total CDF
[ Large, early containment 4.09E-07 1.7%
failures and bypasses
Il Small, early containment 3.81E-06 15.9%
failures and bypasses
11 Late containment failures 1.86E-05 71.4%
v Long-term contained releases 1.20E-06 5.0%
(intact containment)
Total Plant CDF 2.40E-05 100%
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Table 3.2.1-2: BV2REV4 Basic Event Importances for Total Plant LERF by Risk Reduction Worth

Rank | Basic Event Name Basic Event Description RRW* Applicable
SAMA
1 OGXXXX Offsite Grid Fails Following Non-LOSP Initiator LI4E+00 | o POV
) OPRSLI Ope?rator Fa11§ to Identify Ruptured Steam Generator or | 14E400 SAMA
Initiate Isolation 178
. o . . SAMA
3 OPROS1 Operator Fails to Initiate SI Following Steam Line Break | 1.07E+00 153
4 OPRSL3 Operator Fails to Gag Stuck Open SRV 1.07E+00 ?&MA
[CBFC4KVS2A2A4 . o AC Power
5 CBFC4KVS2D2D7] CCF of SSST Incoming Circuit Breakers 1.04E+00 SAMAS
6 OPRSIL2 Operator fails to locally close or isolate secondary relief 1.02E+00 SGTR
valve SAMAs
Operator Fails to Align Makeup to RWST - SGTR, SAMA
7 OPRWMI Secondary Leak PR 1.02E+00 169
Residual Heat Release Valve 2SVS-HCV 104 Fails to SGTR
8 EVFC2SVSHCV104 Close on Demand 1.02E+00 SAMAS
LHSI Pipe Rupture Given RCS Leak Rate to LPI Greater LOCA
9 LHSI_PIPE R than 150 gpm 1LO2E+00 | oot
10 SCENARIOI1 Three cold Leg Check Valves Rupture 1.01E+00 SAMA
& P ‘ ISLOCA

* The Risk Reduction Worth (RRW) is defined by the following Fussell-Vesley (FV) relationship:

RRW =1/(1-FV)
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Table 3.2.1-3: BV2REV4 Component Importances for Total Plant LERF by Risk Reduction Worth

Applicable

Rank | Component Name Component Description RRW SAMA

1 2SVS-HCV104 Residual Heat Release Valve 1.02E+00 Sgﬁ;s

5 AKVS-2D-2D7 gxlcz(ign;mg Supply Feed From TR-2B for Bus 2D (ACB- 1. 01E-+00 g\f 1\l/l(()\vsver
3 2MSS-SV101C (2RCS*SG21C) Main Steam Safety Valve 1.01E+00 Sig/ﬁks

4 2MSS-SV102C (2RCS*SG21C) Main Steam Safety Valve 1.01E+00 gil{/ﬁ\s

5 2MSS-SV103C (2RCS*SG21C) Main Steam Safety Valve 1.01E+00 SSE/EXS

6 2MSS-SVI01A (2RCS*SG21A) Main Steam Safety Valve 1.01E+00 SSE/EXS

7 2MSS-SV102A (2RCS*SG21A) Main Steam Safety Valve 1.01E+00 Sgg/[RAs

8 2MSS-SV103A (2RCS*SG21A) Main Steam Safety Valve 1.01E+00 Sgg/[RAs

9 2MSS-SV101B (2RCS*SG21B) Main Steam Safety Valve 1.01E+00 Sig/lis
10 2MSS-SV102B (2RCS*SG21B) Main Steam Safety Valve 1.01E+00 giﬁls

* The Risk Reduction Worth (RRW) is defined by the following Fussell-Vesley (FV) relationship:
RRW=1/(1-FV)
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Table 3.2.1-6: BVPS Release Categories Reanalyzed Using MAAP-DBA

Release Assumed
IPE Release Category Description | Representative MAAP Accident Sequence | Containment
Category .
Failure Area
BV1 High RCS Pressure, Early, Large, No SBO with no AFW and no sprays available. Large | 2
CHR. containment failure.
BV3 Med/Low RCS Pressure, Early, Large, LLOCA with no active injection and no sprays. | f2
No CHR. Large containment failure.
BVS High/Med RCS Pressure, Early, Small, | SBO with no AFW and no sprays available. LOCI 0.1 f2
Partial/No CHR, Yes Aux. Building. with a small release through the aux. building. ’
Low RCS Pressure, Early, Small, LLOCA with no active injection and no sprays.
BV7 Partial/No CHR, Yes Aux. Building. LOCI with a small release through the aux. 0.1 ft?
building.
BV9 High/Med RCS Pressure, Late, Large, SBO with no AFW and no sprays available. Large | 2
No CHR. containment failure due to over-pressurization.
BV10 High/Med RCS Pressure, Late, Large, TLOFW with no active injection and partial sprays | f2
Partial CHR. available. Large containment failure from H, burn.
BVI2 Low RCS Pressure, Late, Large, Partial | LLOCA with no active injection and partial sprays | f2
CHR. available. Large containment failure from H, burn.
BVI3 High/Med RCS Pressure, Late, Small, SBO with no AFW and no sprays available. Small 02 f2
Partial/No CHR, Yes Aux. Building. containment failure due to over-pressurization. '
Low RCS Pressure, Late, Small, LLOCA with no active injection and no sprays
BV15 Partial/No CHR, Yes Aux. Building. available. Small containment failure due to over- 0.2 ft?
pressurization.
BV17 High/Med/Low RCS Pressure, Late, SBO with no AFW and no sprays available. Failure | f2
Small, Yes/Partial/No CHR, Ground. through base of containment.
High/Med/Low RCS Pressure, SGTR with a TLOFW, no active injection and no Containment
BV18 Large/Small Bypass, Yes/Partial/No sprays available. Direct release through stuck open Bypassed
CHR, Little or No Ex-Cont Retention. MSSVs, (DF=1.0)
Low RCS Pressure, Large Bypass, Large ISLOCA through low pressure injection Containment
Yes/Partial/No CHR, Moderate Ex-Cont. | system, no injection and no sprays available. Aux.
BV19 . oy o Bypassed
Retention. building release below water level (flooded building (DF=43)
provides scrubbing). '
High/Med RCS Pressure, Small Bypass, Small ISLOCA through low pressure injection .
. .. S . Containment
Yes/Partial/No CHR, Significant Ex- system, no injection and no sprays available. Aux.
BV20 . e . Bypassed
Cont. Retention. building release below water level (flooded building (DF=10)
provides scrubbing).
High RCS Pressure, Intact Containment, SLOCA with a TLOFW, no injection during 2.5E-05 ft*
BV21 CHR available. recirculation and sprays available. No containment | (Based on 0.1%
failure. volume / day
leakage)
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3.2.2 Level 2 PRA Model Changes Since IPE Submittal

The major Level 2 changes incorporated into each revision of the Beaver Valley Unit 2 PRA
model are discussed below. The individual affect on risk by incorporating each of these changes
has not been analyzed.

Beaver Valley Unit 2 Revision 0

This revision represents the base case IPE quantification and resulted in a large early release
frequency of 8.44E-06 / year for internal events.

Beaver Valley Unit 2 Revision 1

This revision represents the base case IPEEE PRA model. There was only 1 major Level 2
change incorporated into this updated BVPS-2 PRA model. This change was implemented due
to a reevaluation of the impact of direct containment heating (DCH) on the frequency of large,
early releases at Beaver Valley Units 1 and 2.

The Direct Containment Heating issue was identified in the NRC’s Revised Severe Accident
Research Plan as an important issue for resolution because of its potential for early containment
failures. DCH was recognized to be a potential by which sensible heat energy can be transferred
directly to the reactor vessel and subsequent blowdown of the molten debris and RCS fluids into
the containment atmosphere. If the RCS pressure is sufficiently high, the blowdown of the RCS
fluid through an opening in the bottom head of the reactor vessel can entrain molten core debris
in the high-velocity blowdown gas and eject fragmented particles from the reactor cavity into the
containment. This series of events is referred to as high pressure melt ejection.

The Beaver Valley IPE submittals were based on an understanding of DCH phenomena as it was
portrayed in the documentation (NUREG-1150 and NUREG/CR-4551) for the NRC’s
probabilistic assessment of severe accidents of five plants. Since that time, the state of
knowledge regarding DCH phenomena evolved as additional experiments and analyses were
performed. Two subsequent reports, NUREG/CR-6109 (Reference 17) and NUREG/CR-6338
(Reference 18) were issued by the NRC that relate to the resolution of DCH for Westinghouse
plants with large, dry containments, including the Beaver Valley subatmospheric containments.

The conclusion of these reports is that the intermediate compartment traps most of the debris
dispersed from the reactor cavity and that the thermal-chemical interactions during this dispersal
process are limited by the incoherence in the steam blowdown and melt entrainment process.

Based on these new reports, the split fraction values for determining large, early containment
failures (i.e., the product of C2 and L2) have reduction factors ranging from approximately 42 to
more than 30,000 when compared to the IPE submittal.
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This change to the Level 2 model contributed to a large early release frequency of
9.05E-07 / year for internal events.

Beaver Valley Unit 2 Revision 2

This revision simply integrated the Beaver Valley Unit 2 Revision 1, Level 1 and Level 2 PRA
models into a single PRA model. The internal events large early release frequency remained at
9.05E-07 / year. There were no changes to the Level 2 PRA model.

Beaver Valley Unit 2 Revision 3A

Beaver Valley Unit 2 Revision 3A was made with the following model modifications. These
changes contributed to a large early release frequency of 5.10E-07 / year for internal events.

There were four major Level 2 changes incorporated into the updated Beaver Valley Unit 1 PRA
model. Three of the changes dealt with sequences involving induced SGTRs, large containment
failures due to early hydrogen burns, and large containment failures due to alpha-mode (in-vessel
steam explosions). Based on Westinghouse and industry state-of-the-art knowledge of these
containment phenomenologies, it was then believed that the probabilities of these occurring was
extremely low for large, dry containments (that is, non ice-condenser) and was not credible in
large containment failures or bypasses.

The fourth change reclassified all early SGTR core damage sequences with wet SGs (i.e.,
auxiliary feedwater available) as small early releases without regard to break location or other
sequence specific conditions such as SG isolation, primary to secondary pressure equalization,
etc., based on significant fission product release scrubbing.

Beaver Valley Unit 2 Revision 3B

Beaver Valley Unit 2 Revision 3B was made with the following model modification. This
change contributed to a large early release frequency of 1.14E-06/ year for internal events.

Based on the PRA Peer Review comments, the SGTR sequences were again reclassified so that
only those that have a depleted RWST or have a loss of all secondary cooling were considered to
be LERF contributors. It was assumed that leakage from the RCS would continue indefinitely
through the faulted steam generator and the core will uncover after the RWST depletes. This is
in agreement with WCAP-15955, “Steam Generator Tube Rupture PRA Notebook”.

Beaver Valley Unit 2 Revision 4

There were no specific changes to the Beaver Valley Unit 2 Level 2 model in this revision.
Changes to the Level 1 model resulted in a large early release frequency of 4.06E-07/ year for
internal events.

Based on a review that was performed to identify the effects of the EPU and the contributors to
the Large Early Release conditional probability, there were no Level 2 changes required due to
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the BVPS-2 containment conversion. The sub-atmospheric containment modeling in the
previous BVPS-2 PRAs assumed no large pre-existing containment isolation failures, due to the
inability to maintain a containment vacuum. This assumption remains valid for EPU and the
slightly subatmospheric conditions now existing, as the containment vacuum pumps are not
expected to maintain the slightly sub-atmospheric condition for large pre-existing containment
isolation failures, as well.

However, there were two major contributors to the reduction in the Level 2 LERF incorporated
into the updated BVPS-2 PRA model. These changes dealt with sequences involving steam
generator tube ruptures with stuck-open safety valves. In the PRA model, only steam generator
tube ruptures that are faulted and have a depleted RWST or have a loss of all secondary cooling
are considered to be LERF contributors. For these sequences it is assumed that leakage from the
RCS would continue indefinitely through the faulted steam generator and the core would
uncover after the RWST depletes. These assumptions are in agreement with WCAP-15955,
“Steam Generator Tube Rupture PRA Notebook™ (Reference 19). Therefore, by lowering the
probability of having a stuck-open steam generator safety valve on the ruptured steam generator,
it would reduce the LERF. The Level 1 model changes that were implemented involve reducing
the probability of having a stuck-open steam generator safety valve on the ruptured steam
generator. These include making an assumption that only three of the five safety valves on a
ruptured steam generator would lift in response to the pressure spike (based on simulator
experience), and crediting operators to gag any safety valves that stick open with an associated
human error probability of 2.1E-01.

3.3 MODEL REVIEW SUMMARY

Regulatory Guide (RG) 1.174 (Reference 38), Section 2.2.3 states that 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, and that these are to be commensurate with the
application for which it is intended.

The PRA technical acceptability of the model used in the development of this Severe Accident
Mitigation Alternatives application has been demonstrated by a peer review process. The peer
review was conducted in July 2002, by the [former] Westinghouse Owner’s Group, with the final
documentation of the review issued in December 2002. The overall conclusions of the peer
review were:

All of the technical elements were graded as sufficient to support applications requiring
the capabilities defined for grade 2. The BVPS PRA thus provides an appropriate and
sufficiently robust tool to support such activities as Maintenance Rule implementation,
supported as necessary by deterministic insights and plant expert panel input.

All of the elements were further graded as sufficient to support applications requiring the
capabilities defined for grade 3, e.g., risk-informed applications supported by
deterministic insights but in some cases this is contingent upon implementation of
recommended enhancements.
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After the peer review, the preliminary Category A and B facts and observations that potentially
impacted the model were entered into the BVPS Corrective Action Program, dispositioned, and
incorporated into updated PRA model. Although the facts and observations were written for the
BVPS-2 model, if applicable, the resolution was applied to the BVPS-1 model as well. Those
models have since undergone another revision, but the incorporated resolution of Category A and
B facts and observations were maintained in the revision. The BVPS-2 Category A facts and
observations (F&Os) and dispositions are summarized in the following paragraphs.

In addition, FENOC provided summaries of the BVPS Peer Review Category A and B F&Os in
the following previously docketed letters:

e Pearce/USNRC, Beaver Valley Power Station, Unit No. 2, BV-2 Docket No. 50-
412, License No. NPF-73, Response to a Request for Additional Information in
Support of License Amendment Requests No. 180, dated October 24, 2003, Serial
L-03-160.

e Pearce/USNRC, Beaver Valley Power Station, Unit No. 1 and No. 2, BV-1
Docket No. 50-334, License No. DPR-66 and BV-2 Docket No. 50-412, License
No. NPF-73, Response to a Request for Additional Information in Support of
License Amendment Requests Nos. 306 and 176, dated October 29, 2004, Serial
L-04-141.

Category A Observations

F&O 1

Summary: This observation was identified in the Accident Sequence Analysis Sub-
element regarding the RCP seal LOCA model. It was recognized that the BVPS RCP
seal LOCA model used the WOG 2000 as a basis, but in a way that is more optimistic
than most other Westinghouse plants. The BV2REV3A PRA model, RCP seal LOCA
success criteria was developed from best estimate MAAP runs performed specifically for
BVPS-2. Since certain MAAP results did not go to core uncovery in the assumed 24-
hour mission time for the smaller break seal LOCA sizes, they were binned into the
success (non CDF) end state, even though electric power or service water was not
restored. The peer review team felt that additional MAAP analyses should be performed
to investigate the impact of varying MAAP input parameters on the resultant time to core
uncovery, and extend the run time to show stable plant conditions.

Resolution: Additional MAAP uncertainty cases for BVPS-2 were performed using
pessimistically biased values along with setting input parameters to their high or low
limits. These cases were run out to 48-hours or until core damage occurred. The success
state for the BV2REV3B PRA model was redefined as any case (including uncertainties)
that did not go to core damage before 48-hours. For cases that went to core damage
before 48-hours but after 20-hours, additional electric power recovery values were used,
based on NUREG/CR-5496. For cases that lead to core uncovery before 20-hours, a
plant specific electric power recovery model was used. If electric power recovery was
successful for these cases, the sequence was also binned to the success end state.
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F&O 2

Summary:  This observation was identified in the Thermal Hydraulic Analysis Sub-
element regarding room heatup calculations. This observation found that the loss of
ventilation room heatup analysis for the Safeguards Building, which houses Auxiliary
Feedwater, Low Head Safety Injection, and Quench Spray pumps, used heat loads based
on non-DBA conditions with only the AFW pump operating. This resulted in a room
heatup that was well below the Equipment Qualification (EQ) temperature limits, and
therefore, the ventilation dependency for these pumps was not modeled in the
BV2REV3A PRA. The peer review team recommended that the room heatup calculation
be re-evaluated using the appropriate DBA heat loads, and determine the impact on the
effected components.

Resolution: A new room heatup analysis was performed for the Safeguards Building
using realistic time-dependent DBA heat loads, based on MAAP generated success
criteria. The results of this analysis were reviewed and compared to the EQ temperature
limits to see if the necessary components to mitigate core damage or containment failures
would be functional at the time that they were required to function (up to 24 hours). It
was concluded that all PRA modeled equipment located within the Safeguards Building
would be available to perform its PRA function during a loss of all ventilation for up to
24 hours. Therefore, it was determined that the Safeguards Building ventilation system is
not required for support of the PRA modeled equipment located within the area, and the
BV2REV3A PRA modeling assumptions regarding this remain valid. The BV2REV3B
PRA model was not changed as a result of this observation.

F&O 3

Summary:  This observation was identified in the Data Analysis, Failure Probability
Sub-element. It was observed that the number of demands for several components
seemed very high, and that the BVPS-2 plant specific Bayesian updating of independent
failure data for these components resulted in more optimistic failure rates than most other
Westinghouse plants. The peer review team recommended that the component demands
be verified.

Resolution: As a resolution to this PRA Peer Review observation, the success data
(demands and hours of operation) for all Unit 2 components that used Bayesian updating
of their failure rates were checked against the Maintenance Rule estimated success data,
and were revised as needed if discrepancies were found. Additionally, all RISKMAN
failure data distributions that were Bayesian updated in the BV2REV3A PRA model
were revised in the BV2REV3B PRA model using the results of review for estimated
demands and hours of operation. All Top Events were requantified in the BV2ZREV3B
PRA model using these revised component failure rates, which were then used to
requantify the CDF and LERF.

F&O 4
Summary:  This observation was identified in the Human Reliability Analysis (HRA),
Post-Initiator Human Actions Sub-element. It was observed that the BVPS human error
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rates were developed using the Success Likelihood Index Methodology (SLIM) based on
calibration curves from other plant HRAs from the mid-1980’s. The peer review team
recommended that these calibration curves be updated with current operator performance
in the nuclear power industry.

Resolution: As a resolution to this PRA Peer Review observation all operator actions
having a Risk Achievement Worth (RAW) greater than 2 (generally accepted as the risk
significant threshold) were compared to similar actions for all Westinghouse plants by
using the WOG/B&WOG PRA Comparison Database (Revisions 2 and 3). Additionally,
a smaller subset of these plants was also looked at. These consisted of; Westinghouse 3-
loop plants (since these were assumed to have similar operation action completion times
based on plant power to heatup volume ratios), plants that also used the SLIM process,
and Indian Point 2, which received a superior finding in their Human Reliability Analysis
peer review. The results of this comparison show that the human error rates used in the
BV2REV3A PRA model are all within the range of both comparison groups defined
above, except for human action OPRCD3 (operator fails to cooldown and depressurize
during a SGTR). However, the BV2REV3A value is of the same order of magnitude as
most of the other plants reviewed and is not considered to be an outliner. It is therefore
believed that the basic error curves used in the calibration of the BV2REV3A HRA are
not grossly out of date, and that the current human error rates used in the PRA model are
acceptable as is. Moreover, as a final resolution to this observation, future updates of the
BVPS PRA models will use the EPRI HRA Calculator, which uses a more current and
robust methodology. The BV2REV3B PRA model was not changed as a result of this
observation.

F&O 5

Summary:  This observation was identified in the Human-Reliability Analysis,
Dependence Among Actions Sub-element. It was observed that the BVPS HRA did not
have a documented process to perform a systematic search for dependent human actions
credited on individual sequences and a method to adjust dependencies between multiple
human error rates in the same sequence. The peer review team recommended that a
robust technique be developed, documented, and used for the identification and
quantification of dependent human error rates (HERS).

Resolution: In the initial development of the IPE HRA, an effort was made to
eliminate the dependency between human actions by adjusting the split fraction value of
the second dependent action, given that the first action failed. For example, if the
operators failed to manually reestablish Main Feedwater following the failure of
Auxiliary Feedwater, the human error rate for implementing Bleed and Feed cooling later
in the accident progression was adjusted upwards. If the dependent actions were required
to take place in the same period of time during the accident progression, the second
dependent action was assigned to be a guaranteed failure. For example, if the operators
failed to cooldown and depressurize the RCS by using the secondary coolant system, no
credit was given to the operators to depressurize the RCS using the Pressurizer PORVs.
However, as a resolution to this PRA Peer Review observation a method was established
to verify that all dependent operator actions were captured by reviewing sequences with
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two or more failed split fractions that have a contribution from human actions. Of the
sequences reviewed, the human actions were either previously adjusted during the IPE
HRA, or were determined to be independent between split fractions. This independence
was based on the actions not being conducted by the same set of operators (e.g., control
room Reactor Operator action vs. local Auxiliary Plant Operator action), or different
procedures being used separated by sufficient time in the accident progression (e.g.,
actions to makeup to the RWST given SI recirculation failures, following operator
actions to align a spare Service Water pump earlier in the accident sequence progression).
Human actions that are modeled in a single top event have appropriate dependencies
modeled in the fault trees. Moreover, as a final resolution to this observation, future
updates of the BVPS PRA models will use the EPRI HRA Calculator, which uses a more
current and robust methodology. The BV2REV3B PRA model was not changed as a
result of this observation.

3.4 LEVEL 3 PRA MODEL

The BVPS-1/2 Level 3 PRA model determines off-site dose and economic impacts of severe
accidents based on the Level 1 PRA results, the Level 2 PRA results, atmospheric transport,
mitigating actions, dose accumulation, early and latent health effects, and economic analyses.

The MELCOR Accident Consequence Code System (MACCS?2) Version 1.13.1 was used to
perform the calculations of the off-site consequences of a severe accident. This code is
documented in NUREG/CR-6613 (Reference 28), “Code Manual for MACCS2: Volumes 1 and
2.9,

Plant-specific release data included the time-dependent nuclide distribution of releases and
release frequencies. The behavior of the population during a release (evacuation parameters)
was based on plant and site-specific set points. These data were used in combination with site-
specific meteorology to simulate the probability distribution of impact risks (both exposures and
economic effects) to the surrounding 50-mile radius population as a result of the release accident
sequences at Beaver Valley.

The following sections describe input data for the MACCS2 (Reference 28) analysis tool. The
analyses are found in References 32-35.

3.4.1 Population Distribution

The population surrounding the Beaver Valley Power Station site, up to a 50 mile radius, was
estimated based on the most recent United States Census Bureau decennial census data. Details
are provided in “Calculation Package for Population Projections — Beaver Valley Power Station”
(Reference 29). The population distribution was estimated in 9 concentric bands at 0 to 1 mile,

1 to 2 miles, 2 to 5 miles, 5 to 10 miles, 10 to 15 miles, 15 to 20 miles, 20 to 30 miles, 30 to

40 miles, and 40 to 50 miles, and 16 directional sectors with each direction consisting of

22.5 degrees. The population was projected to the year 2047 by calculating an annual growth rate
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for each county in the 50 mile radius derived from state and national population projections.
Geometric growth rates were calculated for each county in Ohio and Pennsylvania based on 2030
county projections. However, if the county population had decreased from 2000 to 2030, it was
assumed there was no growth through 2030 (i.e., the 2030 population was equal to the 2000
population), and the national growth rate was applied from 2030 to 2047 to obtain an overall
multiplier fore the 2047 projection. For West Virginia, projections were available through 2050.
The annual growth rate was applied to obtain a 2047 multiplier, unless a negative growth rate
existed, in which case no growth was assumed. The population distribution used in this analysis
is provided in the following table.
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Table 3.4.1-1 Population Projections Used in SAMA Analysis

From Radius To Radius Direction Code 2000 Population | 2047 Population
0 1 N 1 0 0
0 1 NNE 2 0 0
0 1 NE 3 93 110
0 1 ENE 4 38 45
0 1 E 5 88 104
0 1 ESE 6 0 0
0 1 SE 7 7 8
0 1 SSE 8 0 0
0 1 S 9 0 0
0 1 SSW 10 0 0
0 1 SW 11 2 2
0 1 WSW 12 0 0
0 1 W 13 0 0
0 1 WNW 14 0 0
0 1 NW 15 132 156
0 1 NNW 16 53 63
1 2 N 17 197 232
1 2 NNE 18 62 73
1 2 NE 19 4 5
1 2 ENE 20 7 8
1 2 E 21 74 87
1 2 ESE 22 64 76
1 2 SE 23 116 137
1 2 SSE 24 22 26
1 2 S 25 18 21
1 2 SSW 26 35 41
1 2 SW 27 25 30
1 2 WSW 28 73 86
1 2 W 29 141 166
1 2 WNW 30 0 0
1 2 NW 31 1,651 1,948
1 2 NNW 32 470 555
2 5 N 33 835 985
2 5 NNE 34 1,016 1,199
2 5 NE 35 1,130 1,333
2 5 ENE 36 683 806
2 5 E 37 1,039 1,226
2 5 ESE 38 713 841
2 5 SE 39 284 335
2 5 SSE 40 637 752
2 5 S 41 486 573
2 5 SSW 42 742 876
2 5 SW 43 619 730
2 5 WSW 44 217 256
2 5 W 45 723 853
2 5 WNW 46 802 946
2 5 NW 47 1,753 2,069
2 5 NNW 48 573 676
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Table 3.4.1-1 Population Projections Used in SAMA Analysis (Cont.)

From Radius To Radius Direction Code 2000 Population | 2047 Population
5 10 N 49 2,317 2,734
5 10 NNE 50 3,875 4,573
5 10 NE 51 18,262 21,549
5 10 ENE 52 14,995 17,694
5 10 E 53 19,461 22,964
5 10 ESE 54 7,307 8,606
5 10 SE 55 1,589 1,840
5 10 SSE 56 1,777 2,090
5 10 S 57 4,734 5,586
5 10 SSwW 58 1,284 1,512
5 10 SW 59 3,604 3,875
5 10 WSW 60 1,886 1,918
5 10 W 61 19,534 21,213
5 10 WNW 62 7,332 8,052
5 10 NW 63 2,156 2,544
5 10 NNW 64 1,283 1,514
10 15 N 65 4,297 5,070
10 15 NNE 66 20,102 23,720
10 15 NE 67 18,866 22,262
10 15 ENE 68 13,403 15,810
10 15 E 69 18,133 20,507
10 15 ESE 70 31,028 31,750
10 15 SE 71 5,136 5,187
10 15 SSE 72 1,105 1,132
10 15 S 73 1,064 1,099
10 15 SSW 74 5,120 5,285
10 15 SW 75 9,357 9,802
10 15 WSW 76 1,931 2,095
10 15 W 77 6,926 7,980
10 15 WNW 78 3,491 4,119
10 15 NW 79 2,716 3,205
10 15 NNW 80 1,975 2,331
15 20 N 81 2,679 3,161
15 20 NNE 82 19,651 23,188
15 20 NE 83 8,256 10,097
15 20 ENE 84 26,225 35,104
15 20 E 85 20,890 21,130
15 20 ESE 86 32,047 32,367
15 20 SE 87 20,102 20,303
15 20 SSE 88 5,210 5,342
15 20 S 89 5,479 5,643
15 20 SSW 90 23,299 23,522
15 20 SW 91 6,325 7,364
15 20 WSW 92 1,568 1,850
15 20 W 93 1,535 1,811
15 20 WNW 94 3,151 3,718
15 20 NW 95 5,793 6,836
15 20 NNW 96 9,801 11,565
20 30 N 97 40,448 47,729
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Table 3.4.1-1 Population Projections Used in SAMA Analysis (Cont.)

From Radius To Radius Direction Code 2000 Population | 2047 Population
20 30 NNE 98 25,927 31,193
20 30 NE 99 11,544 15,668
20 30 ENE 100 26,859 36,797
20 30 E 101 73,055 77,064
20 30 ESE 102 410,196 414,298
20 30 SE 103 227,938 230,716
20 30 SSE 104 39,083 40,229
20 30 S 105 5,494 5,656
20 30 SSwW 106 38,710 41,558
20 30 SW 107 20,523 24,217
20 30 WSW 108 5,090 6,155
20 30 W 109 4,182 5,480
20 30 WNW 110 10,727 12,776
20 30 NW 111 33,243 39,227
20 30 NNW 112 38,242 45,126
30 40 N 113 27,393 32,324
30 40 NNE 114 14,394 17,649
30 40 NE 115 20,468 28,041
30 40 ENE 116 52,734 72,065
30 40 E 117 88,641 97,229
30 40 ESE 118 343,130 347,829
30 40 SE 119 114,676 116,792
30 40 SSE 120 49,039 50,510
30 40 S 121 10,274 10,553
30 40 SSwW 122 35,720 38,675
30 40 SW 123 10,554 12,454
30 40 WSW 124 6,314 8,164
30 40 W 125 15,333 21,441
30 40 WNW 126 25,741 30,543
30 40 NW 127 19,379 22,864
30 40 NNW 128 218,945 258,355
40 50 N 129 67,035 79,101
40 50 NNE 130 26,361 31,533
40 50 NE 131 9,705 13,035
40 50 ENE 132 31,197 37,772
40 50 E 133 43,404 48,911
40 50 ESE 134 115,071 120,818
40 50 SE 135 79,774 83,809
40 50 SSE 136 21,216 21,842
40 50 S 137 5,221 5,321
40 50 SSwW 138 72,617 79,681
40 50 SW 139 12,337 14,558
40 50 WSW 140 9,276 11,210
40 50 W 141 19,628 24,920
40 50 WNW 142 83,296 97,999
40 50 NW 143 26,594 30,210
40 50 NNW 144 123,093 145,250

Total 3,273,502 3,607,001
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3.4.2 Economic Data

The Environmental Protection Agency’s computer program SECPOP was the basis for the
economic data used in the offsite evaluations done in this analysis. This code utilized county
economic factors derived from the 2000 census and various other government sources dated
1997 to 1999. For the preparation of data for the Beaver Valley model, the county data file was
updated to circa 2002 for the 23 counties within 50 miles of the plant. Reference 33 provides the
input data used in this analysis:

Variable Description BV1/2 Value
DPRATE" Property depreciation rate (per yr) 0.20
DSRATE" Investment rate of return (per yr) 0.12
EVACST®? Daily cost for a person who has been evacuated ($/person-day) $49
POPCST® Population relocation cost ($/person) $13,727
RELCST® Daily cost for a person who is relocated ($/person-day) $49
CDFRM® Cost of . fa.rm decontamination for various levels of $1.169 & $2.598

decontamination ($/hectare)
CDNFRM® Cost of non-farm decontamination per resident person for $6,236 &
various levels of decontamination ($/person) $16,630
DLBCST® Average cost of decontamination labor $72,756
($/man-year)
VALWEF? Value of farm wealth ($/hectare) $6,957
VALWNE® Value of non-farm wealth average in US ($/person) $181,881

" DPRATE and DSRATE are based on MACCS?2 Users Manual (Reference 28)
@ Calc 17676-0002 “Beaver Valley Power Station - MACCS2 Input Data”.

3.4.3 Nuclide Release

The equilibrium core inventory was assumed at the end of a fuel cycle with fuel from three
different fuel cycles in equal proportions. It was originally developed using ORIGEN-S as
described in the BVPS Containment Conversion Licensing Report (Reference 31).

The following table provides the inventory of the core at shutdown used in this analysis. This
information is from Reference 30, Section 5.2.3.3
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Table 3.4.3-1 Core Inventory

Nuclide Core Inventory (Curies)
Ag-111 5.05E+6
Ag-112 2.28E+6
Am-241 1.17E+4
Am-242 7.04E+6
Am-244 1.89E+7
Ba-137m 9.35E+6
Ba-139 1.41E+8
Ba-140 1.42E+8
Br-82 3.02E+5
Br-83 9.37E+6
Ce-141 1.30E+8
Ce-143 1.21E+8
Ce-144 9.82E+7
Cm-242 2.42E+6
Cm-244 5.97E+5
Cs-134 1.57E+7
Cs-134m 3.69E+6
Cs-135m 4.39E+6
Cs-136 4.97E+6
Cs-137 9.81E+6
Cs-138 1.48E+8
Eu-156 2.29E+7
Eu-157 2.41E+6
H-3 4.36E+4
1-129 2.86E+0
1-130 2.07E+6
1-131 7.78E+7
1-132 1.14E+8
1-133 1.60E+8
1-134 1.77E+8
1-135 1.52E+8
Kr-83m 9.46E+6
Kr-85 8.27E+5
Kr-85m 1.95E+7
Kr-87 3.91E+7
Kr-88 5.43E+7
La-140 1.46E+8
La-141 1.29E+8
La-142 1.26E+8
La-143 1.20E+8
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Table 3.4.3-1 Core Inventory (Cont.)

Nuclide Core Inventory (Curies)
Mo-101 1.33E+8
Mo-99 1.45E+8
Nb-95 1.34E+8
Nb-95m 1.52E+6
Nb-97 1.27E+8
Nb-97m 1.19E+8
Nd-147 5.22E+7
Nd-149 3.02E+7
Nd-151 1.58E+7
Np-238 3.98E+7
Np-239 1.66E+9
Np-240 4.32E+6
Pd-109 3.26E+7
Pm-147 1.38E+7
Pm-148 1.41E+7
Pm-148m 2.37E+6
Pm-149 4.82E+7
Pm-151 1.60E+7
Pr-142 5.57E+6
Pr-143 1.18E+8
Pr-144 9.89E+7
Pr-144m 1.38E+6
Pr-147 5.18E+7
Pu-238 3.40E+5
Pu-239 2.86E+4
Pu-240 3.87E+4
Pu-241 1.13E+7
Pu-242 2.01E+2
Pu-243 4.23E+7
Rb-86 1.69E+5
Rb-88 5.57E+7
Rb-89 7.26E+7
Rh-103m 1.26E+8
Rh-105 8.16E+7
Rh-106 5.13E+7
Ru-103 1.26E+8
Ru-105 8.90E+7
Ru-106 4.63E+7
Sb-127 6.92E+6
Sb-129 2.52E+7
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Table 3.4.3-1 Core Inventory (Cont.)

Nuclide Core Inventory (Curies)
Sb-130 8.37E+6
Sb-131 6.09E+7
Se-83 4.42E+6
Sm-153 4.02E+7
Sm-155 3.11E+6
Sm-156 1.93E+6
Sn-127 2.78E+6
Sr-89 7.61E+7
Sr-90 7.21E+6
Sr-91 9.50E+7
Sr-92 1.01E+8
Tc-101 1.33E+8
Tc-104 1.05E+8
Tc-99m 1.29E+8
Te-127 6.81E+6
Te-127m 1.13E+6
Te-129 2.40E+7
Te-129m 4 87E+6
Te-131 6.54E+7
Te-131m 1.57E+7
Te-132 1.12E+8
Te-133 8.66E+7
Te-133m 7.12E+7
Te-134 1.41E+8
U-239 1.66E+9
Xe-131m 1.08E+6
Xe-133 1.60E+8
Xe-133m 5.05E+6
Xe-135 4.84E+7
Xe-135m 3.36E+7
Xe-138 1.36E+8
Y-90 7.49E+6
Y-91 9.87E+7
Y-91m 5.51E+7
Y-92 1.02E+8
Y-93 7.73E+7
Y-94 1.23E+8
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Table 3.4.3-1 Core Inventory (Cont.)

Nuclide Core Inventory (Curies)
Y-95 1.28E+8
Zr-95 1.33E+8
7r-97 1.26E+8
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Table 3.4.3-2 provides a description of the release characteristics evaluated in this analysis.

Table 3.4.3-2 Release Descriptions

Release | Representative| MACCS2 Plume Energy Energy Rel.e ase Time of Duration Alarm
Categor Bins Run Code | Number Level Level Height Release (hr) Delay (hr)
gory (cal/sec) (W) (m) (hr) y

Variable NUMREL PLHEAT | PLHITE | PDELAY | PLUDUR | OALARM
INTACT BV21 A 1 454 1.90E+03 43.7 4 4 4
INTACT BV21 A 2 262.84 1.10E+03 43.7 8 20 4
VSEQ-ECF BV19 B 1 3.75E+07 | 1.57E+08 32 2 0.5 1
SGTR-ECF BVI18 C 1 8.48E+07 | 3.55E+08 26.82 8 0.5 1
DCH-ECF BV1,BV3 D 1 6.59E+07 | 2.76E+08 43.7 3 4 1
VSEQ-

SECF BV20 E 1 1.00E+06 | 4.19E+06 32 3 1 1
LOCI-SECF BV7 F 1 2.15E+06 | 9.00E+06 12 1.5 0.5 1
LOCI-SECF BV7 F 2 1.12E+06 | 4.69E+06 12 2 9.5 1

BV5-SECF BV5 K 1 2.15E+06 | 9.00E+06 43.7 1.5 0.5 1
BVS5-SECF BV5 K 2 1.12E+06 | 4.69E+06 43.7 2 9.5 1
Large-Late | BV10, BV12 G 1 6.59E+07 | 2.76E+08 43.7 10 0.5 4
Large-Late | BV10,BV12 G 2 1.27E+07 | 5.32E+07 43.7 10.5 3 4
Small-Late | BV13, BV15 H 1 1.31E+07 5.49E+07 43.7 25 0.5 4
Small-Late | BV13, BV15 H 2 2.63E+06 1.10E+07 43.7 25.5 9.5 4
HZLE:‘;“' BV9 I 1 6.59E+07 | 2.76E+08 |  43.7 10 0.5 4
Hlezttm- BV9 I 2 1.27E+07 | 5.32E+07 | 43.7 10.5 35 4

Bl\]i[al\t/IeT- BV17 J 1 6.59E+07 | 2.76E+08 0 24 1 4
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3.4.4 Emergency Response

A reactor scram signal begins each evaluated accident sequence. A General Emergency is
declared when plant conditions degrade to the point where it is judged that there is a credible risk
to the public. Therefore, the timing of the General Emergency declaration is sequence specific
and alarms range from 1 to 4 hours for the release sequences evaluated.

The MACCS2 User’s Guide input parameters of 95 percent of the population within 10 miles of
the plant [Emergency Planning Zone (EPZ)] evacuating and 5 percent not evacuating were
employed. These values have been used in similar studies (e.g., Hatch, Calvert Cliffs, (SNOC
2000) and (BGE 1998)) and are conservative relative to the NUREG-1150 study, which assumed
evacuation of 99.5 percent of the population within the EPZ.

The evacuation speed was calculated by comparing the travel time estimates to the travel
distances required. The Aliquippa/Hopewell area has the greatest population density in the EPZ,
requires the longest evacuation time, and is only a few miles from the edge of the EPZ. It follows
that the slowest and most conservative evacuation speeds would occur in this area. Based on the
published evacuation routes and the population distribution in the area, a typical travel distance
to the edge of the EPZ from this area is approximately 3 miles. Using the worst case evacuation
time (inclement weather and persons without transportation) of 6% hours an average evacuation
speed of 0.2 m/s was determined.

Three evacuation sensitivity cases were also performed to determine the impact of evacuation
assumptions. One sensitivity case reduced the evacuation speed by a factor of four (0.05 m/sec)
and the second increased the speed to 2.24 m/s (5 mph). The third sensitivity case assumed an
increase by a factor of 1.5 in the alarm time, thus delaying the commencement of physical
evacuation. The results are discussed in Section 8.

3.4.5 Meteorological Data

Each year of meteorological data consists of 8,760 weather data sets of hourly recordings of
wind direction, wind speed, atmospheric stability, and accumulated precipitation. The data were
from the Beaver Valley Power Station site weather facility for the years 2001, 2002, 2003, 2004,
and 2005. MACCS2 does not permit missing data, so bad or missing data were filled in with
National Oceanic and Atmospheric Administration (NOAA) data from the Pittsburgh
International Airport (nearest most complete source of data) obtained from the NOAA Internet
website. The approach used in this analysis was to perform MACCS2 analyses for each of the
years for which meteorological data was gathered and combine the results after the MACCS2
analyses rather than before. Due to the consideration of five years of weather data, it is assumed
that the average result from the analysis would be considered typical and representative. No one
year was found to be conservative with respect to all release sequences.
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3.5 SEVERE ACCIDENT RISK RESULTS

Using the MACCS2 code, the dose and economic costs associated with a severe accident at
Beaver Valley was calculated for each of the years for which meteorological data was gathered.
This information is provided below in Table 3.5-1 and Table 3.5-2, respectively. The average
value of the yearly result for each release category was used in remainder of the analysis to
represent the dose and cost for each of the specific release categories.

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.2-53



Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

Table 3.5-1 Total L-EFFECTIVE LIFE Dose in Sieverts

Release MACCS2 BVPS Composite Weather Sensitivity Results
Category g:(;‘e 2001 2002 2003 2004 2005 Average
INTACT A 8 7 8 7 7 8
ECF
VSEQ B 50,400 47,200 51,000 53,600 40,800 48,600
,,,,,,,,,,,, SGTR C 44,500 41,400 43,800 46,500 37,000 42,640
DCH D 86,800 84,800 86,600 76,400 77,600 82,440
SECF
VSEQ E 50,500 48,000 47,800 46,900 44,800 47,600
LOCI F 35,200 35,500 33,200 34,000 36,400 34,860
BV5 K 43,800 39,800 41,300 41,000 42,700 41,720
LATE
“““““ Large G 1,530 1,440 1,780 1,600 1,450 1,560
Small H 20,200 19,200 18,800 18,600 20,500 19,460
H2 Burn I 19,300 17,200 17,600 16,300 17,900 17,660
BMMT J 7,680 7,250 7,200 7,990 6,990 7,422
Table 3.5-2 Total Economic Costs in Dollars
Release MACCS2 BVPS Composite Weather Sensitivity Results
Category g:(i 2001 2002 2003 2004 2005 Average
INTACT A 6.400E+03 5.600E+03 5.590E+03 1.000E+04 7.510E+03 7.020E+03
ECF
“““““ VSEQ B 3.530E+10 3.260E+10 3.100E+10 3.350E+10 3.390E+10 |  3.326E+10
SGTR C 4.280E+10 3.790E+10 3.580E+10 4.080E+10 3.840E+10 |  3.914E+10
DCH D 4.800E+10 5.010E+10 5.010E+10 4.400E+10 5.000E+10 |  4.844E+10
SECF
,,,,,,,,,,, SGTR E 2.540E+10 2.560E+10 2.690E+10 2.440E+10 2.920E+10 |  2.630E+10
vvvvvvvvvvvv LOCI F 2.650E+10 2.520E+10 2.570E+10 2.460E+10 2.840E+10 |  2.608E+10
BV5 K 1.130E+10 1.070E+10 1.190E+10 1.050E+10 1.240E+10 1.136E+10
LATE
AAAAAAAAAAAA Large G 1.180E+08 1.260E+08 1.430E+08 1.590E+08 1.310E+08 1.354E+08
77777777777 Small H 1.090E+10 1.010E+10 1.150E+10 1.040E+10 1.170E+10 1.092E+10
H2 Burn I 6.670E-+09 6.220E+09 6.460E-+09 5.600E-+09 5.900E+09 |  6.170E+09
BMMT J 4.380E+09 4.360E+09 5.480E-+09 4.450E+09 4.700E+09 |  4.674E+09

3.6 MAJOR PRA MODELING DIFFERENCES BETWEEN BVPS UNIT 1
AND UNIT 2

Listed below are some major design differences between the BVPS Units that are accounted for
in the PRA models. In addition, key differences in the BVPS PRA models were also previously

docketed in Attachment B of the following letter.

e Pearce/USNRC, Beaver Valley Power Station, Unit No. 1 and No. 2, BV-1 Docket No.
50-334, License No. DPR-66 and BV-2 Docket No. 50-412, License No. NPF-73,
Response to a Request for Additional Information in Support of License Amendment
Requests Nos. 306 and 176, dated October 29, 2004, Serial L-04-141.

SEVERE ACCIDENT MITIGATION ALTERNATIVES

Page C.2-54




Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

1. Unit 1 has an additional feedwater pump (Dedicated AFW Pump) powered off the ERF
diesel generator, which can be used during an SBO. This pump can provide secondary heat
removal even if the SG are water solid, so it is not dependant on battery life. Unit 2 only has
the Turbine-Driven AFW Pump, which fail if the SG goes water solid, so it is dependent on
battery life during SBO conditions. Plant specific SBO MAAP analyses show that with the
DAFW pump, as long as the RCP seal LOCA is initially less than 182 gpm and operators
cooldown and depressurize the RCS, Unit 1 will not melt or uncover the core during a 48
hour period following the SBO. At Unit 2, this is not the case, and the core will uncover and
melt during a 48 hour period following the SBO.

2. The Unit 1 Emergency DC Battery Rooms are constructed with concrete block walls, which
have limited seismic capacity. At Unit 2 the Emergency DC Battery Rooms are constructed
with reinforced concrete walls that have significant seismic capacity.

3. At Unit I the steam generators were replaced during 1RO17 and therefore have about half of
the SGTR initiating event frequency of the Unit 2 value (2.09E-03 vs. 4.82E-03).

4. The Unit 2 RWST volume is about twice the size of the Unit 1 volume (~ 860,000 gal vs.
~440,000 gal).

5. At Unit 1 the atmospheric steam dump valves have a higher capacity than Unit 2 (294,400
Ibs/hr vs. 235,000 lbs/hr) and therefore the RCS cooldown and depressurization using the
secondary heat removal system success criteria is different. Unit 1 only requires 1 ASDV
and feedwater to the associated SG, while Unit 2 requires 2 ASDVs with feedwater to both
associated SGs.

6. Unit 2 normally has two Service Water pumps in service, while Unit 1 normally only has one
River Water pump in service. Therefore, since the success criteria for both Units is one
River Water/Service Water pump, there is a lower system failure probability at Unit 2 due to
not having to start a standby pump given the failure of a running pump.
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4 COST OF SEVERE ACCIDENT RISK / MAXIMUM BENEFIT

Cost/benefit evaluation of SAMAs is based upon the cost of implementation of a SAMA
compared to the averted onsite and offsite costs resulting from the implementation of that
SAMA. The methodology used for this evaluation was based upon the NRC’s guidance for the
performance of cost-benefit analyses (Reference 20). This guidance involves determining the
net value for each SAMA according to the following formula:

Net Value = (APE + AOC + AOE + AOSC) — COE

where APE = present value of averted public exposure ($),
AOC = present value of averted offsite property damage costs ($),
AOE = present value of averted occupational exposure ($),

AOSC present value of averted onsite costs ($)
COE = cost of enhancement ($).

If the net value of a SAMA is negative, the cost of implementing the SAMA is larger than the
benefit associated with the SAMA and is not considered beneficial. The derivation of each of
these costs is described in below.

The following specific values were used for various terms in the analyses:

Present Worth
The present worth was determined by:

1 _ e—rt

7

PW =

Where:
r is the discount rate = 7% (assumed throughout these analyses)
t is the duration of the license renewal = 20 years
PW is the present worth of a string of annual payments = 10.76

Dollars per REM
The conversion factor used for assigning a monetary value to on-site and off-site
exposures was $2,000/person-rem averted. This is consistent with the NRC’s

regulatory analysis guidelines presented in and used throughout NUREG/BR-
0184, Reference 20.

On-site Person REM per Accident
The occupational exposure associated with severe accidents was assumed to be
23,300 person-rem/accident. This value includes a short-term component of
3,300 person-rem/accident and a long-term component of 20,000 person-
rem/accident. These estimates are consistent with the “best estimate” values
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presented in Section 5.7.3 of Reference 20. In the cost/benefit analyses, the
accident-related on-site exposures were calculated using the best estimate
exposure components applied over the on-site cleanup period.

On-site Cleanup Period
In the cost/benefit analyses, the accident-related on-site exposures were calculated
over a 10-year cleanup period.

Present Worth On-site Cleanup Cost per Accident
The estimated cleanup cost for severe accidents was assumed to be
$1.5E+09/accident (undiscounted). This value was derived by the NRC in
Reference 20, Section 5.7.6.1, Cleanup and Decontamination. This cost is the
sum of equal annual costs over a 10-year cleanup period. At a 7% discount rate,
the present value of this stream of costs is $1.1E+09.

4.1 OFF-SITE EXPOSURE COST

Accident-Related Off-Site Dose Costs

Offsite doses were determined using the consolidated MACCS2 model developed for BVPS
Units 1 and 2. Costs associated with these doses were calculated using the following equation:

—rty

APE =(FyD, —F,D, JR2=¢ (1)
r
where:
APE = monetary value of accident risk avoided due to population doses, after discounting
R = monetary equivalent of unit dose, ($/person-rem)

F = accident frequency (events/yr)
Dp = population dose factor (person-rems/event)
S = status quo (current conditions)
A = after implementation of proposed action
r = real discount rate
tr = analysis period (years).

Using the values for 1, tr, and R given above:

Wy =($2.15E + 4)\FsD, —F,D, )
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4.2 OFF-SITE ECONOMIC COST

Accident-Related Off-Site Property Damage Costs
Offsite damage was determined using the MACCS2 model developed for BVPS-2. Costs
associated with these damages were calculated using the following equation:

—rt
l-e "/

Aoc=(Fp, —F,P, )

where:
AOC = monetary value of accident risk avoided due to offsite property damage, after
discounting
F = accident frequency (events/yr)

Pp = offsite property loss factor (dollars/event)
r real discount rate
tr = analysis period (years).

4.3 ON-SITE EXPOSURE COST

Methods for Calculating Averted Costs Associated with Onsite Accident Dose Costs
a) Immediate Doses (at time of accident and for immediate management of emergency)

For the case where the plant is in operation, the equations in Reference 20 can be
expressed as:

—ri
Wio = (FSDIOS - FADIOA )R]% (D
where:
Wio = monetary value of accident risk avoided due to immediate doses, after
discounting
R = monetary equivalent of unit dose, ($/person-rem)
F = accident frequency (events/yr)
Do = immediate occupational dose (person-rems/event)
S = status quo (current conditions)
A = after implementation of proposed action
r = real discount rate
tr = analysis period (years).

The values used are:
R = $2000/person rem
r = .07
Do = 3,300 person-rems /accident (best estimate)
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The license extension time of 20 years is used for t¢,

For the basis discount rate, assuming F, is zero, the best estimate of the limiting savings
is

—rt
I—-¢e "/

Wio = (FSDIOS )R
[ 0720

=3300*F * 82000 *

— F*$6,600,000% 10.763
— F*$07IE +8,(5).

b) Long-Term Doses (process of cleanup and refurbishment or decontamination)

For the case where the plant is in operation, the equations in Reference 20 can be
expressed as:

—rm

—rt
Ll—e o l-e

Wiro = (FSDLTOS - FADLTOA )R * (2)
r rm
where:
Wio = monetary value of accident risk avoided long term doses, after discounting,
$
m = years over which long-term doses accrue.

The values used are:

R = $2000/person rem
r = .07
Diro = 20,000 person-rem /accident (best estimate)
m = “aslong as 10 years”

The license extension period of 20 years is used for ts

For the discount rate of 7%, assuming F, is zero, the best estimate of the limiting savings
1s

_ —rtf _—rm
*1 e *1 e

Wiro = (FSDLTOS )R
r rm
—.07*%20 —.07*10
_ (F, 2000032000+ 1=¢_—_x1=¢
07 07%10

= F, * $40,000,000* 10.763 % 0.719
= F,*$3.10E+8, ($).
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c) Total Accident-Related Occupational (On-site) Exposures

Combining equations (1) and (2) above, using delta (A) to signify the difference in
accident frequency resulting from the proposed actions, and using the above numerical
values, the long term accident related on-site (occupational) exposure avoided (AOE) is:

Best Estimate:
AOE = Wi+ W= F*$(0.71+3.1)E+8= F*$3.81E+8(8)

4.4 ON-SITE ECONOMIC COST

Methods for Calculation of Averted Costs Associated with Accident-Related On-Site Property Damage

a) Cleanup/Decontamination

Reference 20 assumes a total cleanup/decontamination cost of $1.5E+9 as a reasonable
estimate and this same value was adopted for these analyses. Considering a 10-year
cleanup period, the present value of this cost is:

C _ —rm
PVCDz( CD)[I ¢ J
m r

Where
PVep = Present value of the cost of cleanup/decontamination.
Ccp = Total cost of the cleanup/decontamination effort.
m = Cleanup period.

r Discount rate.

Based upon the values previously assumed:

__—07%10
PV = SI15E+9\ I-e
10 .07

PV, =81.079E+9

This cost is integrated over the term of the proposed license extension as follows

1 _ e*}’[/

Ucp=PVep
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Based upon the values previously assumed:

Uy = $1.079E + 9 [10.763]
Ugp=81.161E+10

b) Replacement Power Costs

Replacement power costs, Ugrp, are an additional contributor to onsite costs. These are
calculated in accordance with NUREG/BR-0184, Section 5.6.7.2." Since replacement
power will be needed for that time period following a severe accident, for the remainder
of the expected generating plant life, long-term power replacement calculations have
been used. The calculations are based on the 910 MWe reference plant, and are
appropriately scaled for the 977 MWe BVPS-2. The present value of replacement power
is calculated as follows:

($1.2E+ S)W
—rt, ¥
PV, = ( D fr-e)
r
Where
PVrp = Present value of the cost of replacement power for a single event.
tr = analysis period (years).
r = Discount rate.

Ratepwr = Rated power of the unit

The $1.2E+8 value has no intrinsic meaning but is a substitute for a string of non-
constant replacement power costs that occur over the lifetime of a “generic” reactor after
an event (from Reference 20). This equation was developed per NUREG/BR-0184 for
discount rates between 5% and 10% only.

For discount rates between 1% and 5%, Reference 20 indicates that a linear interpolation
is appropriate between present values of $1.2E+9 at 5% and $1.6E+9 at 1%. So for
discount rates in this range the following equation was used to perform this linear
interpolation.

Py, z{(ﬂéﬁ9)_([($1.5E+9)-($1.2E+9)]*[rs _1%]j}*{m}

[5% - 1%] 910MWe

Where
rs = Discount rate (small), between 1% and 5%.

! The section number for Section 5.6.7.2 apparently contains a typographical error. This section is a subsection of
5.7.6 and follows 5.7.6.1. However, the section number as it appears in the NUREG will be used in this document.
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Ratepwr = Rated power of the unit

To account for the entire lifetime of the facility, Urp was then calculated from PVgp, as

follows:
URP = —PVRP (1 — eiﬂf )2
r
Where
Ugrp = Present value of the cost of replacement power over the life of the facility.

Again, this equation is only applicable in the range of discount rates from 5% to 10%.
NUREG/BR-0184 states that for lower discount rates, linear interpolations for Ugp are
recommended between $1.9E+10 at 1% and $1.2E+10 at 5%. The following equation
was used to perform this linear interpolation:

Where
rs = Discount rate (small), between 1% and 5%.
Ratepwr = Rated power of the unit

c) Repair and Refurbishment

It is assumed that the plant would not be repaired/refurbished; therefore, there is not
contribution to averted onsite costs from this source.

d) Total Onsite Property Damage Costs

The net present value of averted onsite damage costs is, therefore:
AOSC=F*(Uy +Upgp)

Where F = Annual frequency of the event.

4.5 TOTAL COST OF SEVERE ACCIDENT RISK / MAXIMUM BENEFIT

Cost/benefit evaluation of the maximum benefit is baseline risk of the plant converted dollars by
summing the contributors to cost.
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Maximum Benefit Value = (APE + AOC + AOE + AOSC)

where APE = present value of averted public exposure ($),
AOC = present value of averted offsite property damage costs ($),
AOE = present value of averted occupational exposure ($),

AOSC = present value of averted onsite costs ($)

For Beaver Valley Unit 2, this value is $5,097,992 as shown below.

Parameter Unit 2
Present Dollar Value ($)
Averted Public Exposure $1,203,099
Averted offsite costs $3,403,247
Averted occupational exposure $9,146
Averted onsite costs $482,500
Total $5,097,992

S SAMA IDENTIFICATION

A list of SAMA candidates was developed by reviewing the major contributors to CDF and
population dose based on the plant-specific risk assessment and the standard PWR list of
enhancements from Reference 24 (NEI 05-01). This section discusses the SAMA selection
process and its results.

5.1 PRA IMPORTANCE

The top core damage sequences and the components/systems having the greatest potential for
risk reduction were examined to determine whether additional SAMASs could be identified from
these sources.

Use of Importance Measures

Risk reduction worth (RRW) of the components in the baseline model was used to identify those
basic events that could have a significant potential for reducing risk. Components with risk
reduction worth (RRW) >1.005 were identified as the most important components. A similar
review was performed on a system basis. The components and systems were reviewed to ensure
that each component and system is covered by an existing SAMA item or added to the list if not.

Use of the Top Sequences
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The top sequences leading to core melt were reviewed. A key result is that no single PRA
sequence makes up a large fraction of the core damage frequency. The sequences were reviewed
to ensure that initiators and failures identified in the sequences were either covered by existing
SAMAs or added to the list of plant specific SAMAs.

5.2 PLANT IPE

The Beaver Valley Unit 2 PRA identified some potential vulnerabilities. Corresponding
enhancements have been considered.

As noted in the IPE, large fractions of the CDF are associated with RCP seal LOCA and station
blackout. Other major contributors are containment bypass/isolation failure, loss of switchgear
HVAC and transients without scram.

These accident categories are not always mutually exclusive. One of the top ranked sequences
illustrates this clearly. A loss of offsite power will challenge the onsite emergency power
system. Failure of both emergency diesels would result in a station blackout. The consequential
loss of seal injection and component cooling water to the reactor coolant pumps (RCP) thermal
barrier could eventually lead to a RCP seal LOCA. Station blackout and RCP seal LOCA are
both conditions of this scenario that can result in core uncovery and damage.

In order to determine vulnerabilities, the major accident categories were evaluated along with the
top-ranking sequences contributing to CDF. For a summary of the PRA results and a detailed

discussion of the top-ranked sequences refer to Section 1.4.

The Beaver Valley Unit 2 potential enhancements are listed in Table 5.2-1.

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.2-64



§9-7°D a8ed

SHALLVNYALTV NOLLVOILLIN INHAIDOV HHIAIS

"0’ 03 PASEOIOUI 0JOM WIOISAS Pajod)Je oy Jo Ajijiqeqold anjrey oyy JI pazIjeal oq pInom Jey) JJD Ul 9SeaIoul J0Joe) AU} SI YJI0OM JUSWIASIYOR YSLI Y] 4

"OnJeA [HOM JUSWIAIYOR JSII Jnodor[q uonels 103 Aiqedes uonerouss omod Jy Y} UT PAPNOU] 4 4

910N

"SJUOAd SA\ LV WOy
uonNqLIIUOd AN} PAINPAI dARY sdjepdn
Vvdd "ysnoud Apjomb pourrogiod oq
JOUUED WIOOI [OTUO0I A} IPISHNO SUOT)OL

"SMLV Sutinp
(soynurwr g 03 | ~) sayids ainssard

snq ay) woiy romod

181} SMOYS SISATRUY ‘G5 VINVS 6'S 7t| prder oy renuajod 1040901 paoueruyg SUIAOWAI J0J S2INPIJ0IJ ddUBYUY aIn[rej 1oxea1q dii], 10joeoy

*9191dwod ST UOT)EIIFIPOW

Q1J$SOI0 JIU() INOOB[ UOHEIS

9} 90UO 10JBIdUIT [9SAIP AJUdFIoUd

d1qerado ay1s ) woly paramod

soL1euos 1omod Dy (e oq [ s1931eYD A10)3Rq AU} JO UTRT)
JO SSO[ 10J SJUAWNNSUI [OAJ] J0JRIOUAS | ou( "s1031eYd A1oneq d[qenod Suisn 1o INOYOR[q UONIE)S JO] SJUSUINISUI [9AJ]
6S1 ‘€ VINVS LEE 89 wed)s 10j swn Junerado papudixg | speoj Suippays uo sainpasoid soueyuyg J101B10UR3 Wed)s 10) Ajdede) Aroneq
“di1y 10)08Q1 SasNED 9 ()¢ dA0qQR uado Sunyons AYOd Anpiqededs uonoalax peoj 94001 19mod 931SJO JO SSO[
din su1qIng ‘961 VINVS 19N Juou] I'e L 10z1nssa1d Jo Aouonbaiy poonpay oy Sunesjop Aq oSusjreyo ojeurwi(g |  10ye uado Juryons AYOd IOzZunssalg

SI0JBIQUOT [SAIP 9FUS[[BYD [[IM N0 93ueyd Io Iredar 19yea1q
12 VINVS 19N Juoju] 91 0°8 | seanyrey 1o3ea1q JRY) AoUonboly paonpay uo Sururel], pue aInpadoid 3a1dxyg aIn[ie I9Jsuel], sng A (9] ‘p 1sed

‘uorje[NUAA Arerodud) Jo uorne[[eIsul 1o
owm 3uo[ B SI 9191} 1By} SMOYS SISA[RUR 1293Y9)IMS 0] OFeUIRp [BULISY) OVAH
PUMNY /ST VINVS 10N 1Uu] TH61 L1 uoasid [im siojerado jeyy oouopyuo) | saInpasoid DV AH JO sSOT poouequg |  wWOo0Y JeaSyoumg AouddIowy Jo Sso
JNONOB[q WO} SUI}[NSaI
8ST VINVS ‘10N 1uju] o 8 81| VDOT 189s dDY Jo Aouanbaiy peonpay MOIAQI JOPUN SUONBIIPOU [BIIUIOJ | INOYdR[g UONEIS I0f FuIj0o0)) [8dS dDY
BSIOA QOIA PUE “JIOM SIOJRIOUST
[oso1p [ 31U yroq uoym g yun - Anjiqede) oussor) sng A 091y Pim moxyoe[g uonels
$ST T 11 ‘6 SVINVS 19N Judiuf 10€ €ST uo Inoxoe[q JoJ yjed sso0ons € sppy 7 pue [ syun) A9[[eA IoABdg dPIAOI] 10} Ayjiqede)) UOnRIdUAD) JIOMOJ DV
YoM
JUBUWIRASNPY 4dD jo
« ISR FLIGRRER | JudURIUBYUY usIsdq
snye)s ueyrodw] 3D JudwdURYUY Jo Joedury 10 3Inpadoaq Aiqesdumnp

SIudWIUERYU [eNUdI0d AT T NUN) AJ[[BA 194G “[-T°S dIqEL

110day [ByudwUOIIAUY - F XIpudddy
uonedjddy [emoudy Isuadry

779 1 SHU() uone)s Jomod Ad[eA 1aaedg




Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

5.3 PLANT IPEEE

Potential improvements to reduce the risk in dominant fire zones and to reduce seismic risk and
risk from other external events were evaluated in the Beaver Valley Unit 2 IPEEE. The list of
candidate improvements and their status is documented in the IPEEE and reproduced in Table
3.1.2-1 in this report.

5.4 INDUSTRY SAMA CANDIDATES

The generic PWR enhancement list from Table 14 of Reference 24 was included in the list of
Phase I SAMA candidates to assure adequate consideration of potential enhancements identified
by other industry studies.

5.5 PLANT STAFF INPUT TO SAMA CANDIDATES

The Beaver Valley plant staff provided plant specific items that were included in the evaluation.
These are identified in the list of SAMA candidates by their source.

5.6 LIST OF PHASE I SAMA CANDIDATES

Table 5.6-1 provides the combined list of potential SAMA candidates considered in the Beaver
Valley Unit 2 SAMA analysis. From this table it can be seen that 190 SAMA candidates were
identified for consideration.
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Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

6 PHASE I ANALYSIS

A preliminary screening of the complete list of SAMA candidates was performed to limit the
number of SAMASs for which detailed analysis in Phase II was necessary. The screening criteria
used in the Phase I analysis are described below.

e Screening Criterion A - Not Applicable: If a SAMA candidate did not apply to the Beaver
Valley Unit 2 plant design, it was not retained.

e Screening Criterion B - Already Implemented or Intent Met: If a SAMA candidate had
already been implemented at the Beaver Valley Unit 2 or the intent of the candidate is met, it
was not retained.

e Screening Criterion C - Combined: 1f a SAMA candidate was similar in nature and could be
combined with another SAMA candidate to develop a more comprehensive or plant-specific
SAMA candidate, only the combined SAMA candidate was retained.

e Screening Criterion D - Excessive Implementation Cost. If a SAMA required extensive
changes that will obviously exceed the maximum benefit (Section 4.5), even without an
implementation cost estimate, it was not retained.

o Screening Criterion E - Very Low Benefit: If a SAMA from an industry document was
related to a non-risk significant system for which change in reliability is known to have
negligible impact on the risk profile, it was not retained. (No SAMASs were screened using
this criterion.)

Table 6-1 presents the list of Phase I SAMA candidates and provides the disposition of each
candidate along with the applicable screening criterion associated with each candidate. Those
candidates that have not been screened by application of these criteria are evaluated further in the
Phase II analysis (Section 7). It can be seen from this table that 134 SAMASs were screened from
the analysis during Phase 1 and that 56 SAMAs passed into the next phase of the analysis.

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.2-80
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7 PHASE 11 SAMA ANALYSIS

A cost-benefit analysis was performed on each of the SAMA candidates remaining after the
Phase I screening. The benefit of a SAMA candidate is the difference between the baseline cost
of severe accident risk (maximum benefit from Section 4.5) and the cost of severe accident risk
with the SAMA implemented (Section 7.1). The cost figure used is the estimated cost to
implement the specific SAMA. If the estimated cost of implementation exceeds the benefit of
implementation, the SAMA is not cost-beneficial.

Since the SAMA analysis is being performed separately for each Beaver Valley unit, the costs
and the benefits are provided on a per-unit basis. If a SAMA candidate is shared by the units,
that information is noted in the Phase Il SAMA candidate list and it is analyzed in a manner
consistent with its applicability to both units.

7.1 SAMA BENEFIT

7.1.1 Severe Accident Risk with SAMA Implemented

Bounding analyses were used to determine the change in risk following implementation of
SAMA candidates or groups of similar SAMA candidates. For each analysis case, the Level 1
internal events or Level 2 PRA models were altered to conservatively consider implementation
of the SAMA candidate(s). Then, severe accident risk measures were calculated using the same
procedure used for the baseline case described in Section 3. The changes made to the PRA
models for each analysis case are described in Appendix A.

A “bounding analyses” are exemplified by the following:

LBLOCA

This analysis case was used to evaluate the change in plant risk profile that would be achieved if
a digital large break LOCA protection system was installed. Although the proposed change
would not completely eliminate the potential for a large break LOCA, a bounding benefit was

estimated by removing the large break LOCA initiating event. This analysis case was used to
model the benefit of SAMA xx.

DCPWR

This analysis case was used to evaluate plant modifications that would increase the availability
of Class 1E DC power (e.g., increased battery capacity or the installation of a diesel-powered
generator that would effectively increase battery capacity). Although the proposed SAMAs would
not completely eliminate the potential failure, a bounding benefit was estimated by removing the
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battery discharge events and battery failure events. This analysis case was used to model the
benefit of SAMAs a, b, etc.

The severe accident risk measures were obtained for each analysis case by modifying the
baseline model in a simple manner to capture the effect of implementation of the SAMA in a
bounding manner. Bounding analyses are very conservative and result in overestimation of the
benefit of the candidate analyzed. However, if this bounding assessment yields a benefit that is
smaller than the cost of implementation, then is it obvious that the effort involved in refining the
PRA modeling approach for the SAMA would be unnecessary because it would only yield a
lower benefit result. If the benefit is greater than the cost when modeled in this bounding
approach, it is necessary to refine the PRA model of the SAMA to remove conservatism. As a
result of this modeling approach, models representing the Phase Il SAMAs will not all be at the
same level of detail and if any are implemented, the PRA result after implementation of the final
installed design will differ from the screening-type analyses done during this evaluation.

7.1.2 Cost of Severe Accident Risk with SAMA Implemented

Using the risk measures determined as described in Section 7.1.1, severe accident impacts in four
areas (offsite exposure cost, off-site economic cost, on-site exposure cost, and on-site economic
cost) were calculated using the same procedure used for the baseline case described in Section 4.
As in Section 4.5, the severe accident impacts were summed to estimate the total cost of severe
accident risk with the SAMA implemented.

7.1.3 SAMA Benefit Calculation

The respective SAMA benefit was calculated by subtracting the total cost of severe accident risk
with the SAMA implemented from the baseline cost of severe accident risk (maximum benefit
from Section 4.5). The estimated benefit for each SAMA candidate is listed in Table 7.1. The
calculation of the benefit is performed using an Excel spreadsheet.

7.2 COST OF SAMA IMPLEMENTATION

The final step in the evaluation of the SAMASs is estimating the cost of implementation for
comparison with the benefit. For the purpose of this analysis the BVNP staff has estimated that
the cost of making a change to a procedure and for conducting the necessary training on a
procedure change is expected to exceed $15,000. Similarly, the minimum cost associated with
development and implementation of an integrated hardware modification package (including
post-implementation costs, e.g. training) was assumed to be $100,000. These values were used
for comparison with the benefit of SAMAs.
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The benefits resulting from the bounding estimates presented in the benefit analysis are in some
cases rather low. In those cases for which the benefits are so low that it is obvious that the
implementation costs would exceed the benefit, a detailed cost estimate was not warranted. Plant
staff judgment is applied in assessing whether the benefit approaches the expected
implementation costs in many cases

Plant staff judgment was obtained from an independent, expert panel consisting of senior staff
members from the PRA group, the design group, operations and license renewal. This panel
reviewed the benefit calculation results and, based upon their experience with developing and
implementing modifications at the plant, judged whether a modification could be made to the
plant that would be cost beneficial in comparison with the calculated benefit. The purpose of
this approach was to minimize the effort expended on detailed cost estimation. The cost
estimations provided by the expert panel are included in Table 7-1 along with the conclusions
reached for each SAMA evaluated for cost/benefit.

It should be noted that the results of the sensitivities of Section 8§ influenced the decisions of
whether a SAMA was considered to be potentially cost beneficial. If the benefits calculated in
the sensitivity analyses exceeded the estimated cost of the SAMA, it was considered potentially
cost beneficial.

7.3 SAMAs WITH SHARED BENEFIT OR COSTS

A number of SAMAS either benefit both BVPS-1 and BVPS-2 or the cost of implementation
would be shared by both units. In this case, consideration of the costs and benefits at only one
unit is not appropriate.

SAMA 14, installation of a gas turbine generator, would provide benefit for both units. The
maximum combined benefit for this SAMA is $ 1.9 million ($1,495K in Unit 2 and $400K in
Unit 1). The cost to implement this SAMA is greater than $7 million. Even with the combined
benefit, this SAMA is not cost beneficial.

SAMA 186 (Unit 2) and 187 (Unit 1), increase the seismic ruggedness of the ERF Substation
batteries, would provide benefit for both units. Currently the ERF diesel generator can provide
power to the Unit 1 Dedicated AFW system, but very little equipment on Unit 2. The benefit of
this SAMA to Unit 2 is $3.8K compared to the Unit 1 benefit of $525K. The estimated cost for
implementing this SAMA is $300K. This SAMA is considered potentially cost beneficial for
BVPS-1, but not for BVPS-2.

SAMA 190 (Unit 2) and 186 (Unit 1) provide a containment cross-tie between the units, would
provide benefit to both units. However, the result of using this cross-tie to mitigate an event
would result in contamination of both units. The cost of cleanup of the opposite unit is not
included in the benefit calculation. Due to the high cost of implementation and the impact on the
opposite unit, this SAMA is not considered cost beneficial for either unit.
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Unit 1 SAMA 188 (RWST cross-tie) would provide a benefit for both units. However, since the
Unit 2 RWST is significantly larger than the Unit 1 RWST, the benefit to Unit 2 would be small
and was therefore not considered as a SAMA. The high cost of implementation (>$4,000K),
therefore, makes this SAMA not cost beneficial (at either unit).
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8 SENSITIVITY ANALYSES

The purpose of performing sensitivity analyses is to examine the impact of analysis assumptions
on the results of the SAMA evaluation. This section identifies several sensitivities that can be
performed during SAMA (Reference 24) and discusses the sensitivity as is applies to Beaver
Valley Unit 2 and the impact of the sensitivity on the results of the Phase Il SAMA analysis at
BVPS-2.

Unless it was otherwise noted, it is assumed in these sensitivity analyses that sufficient margin
existed in the maximum benefit estimation that the Phase I screening would not have to be
repeated in the sensitivity analyses.

8.1 PLANT MODIFICATIONS

There are no plant modifications that are currently pending that would be expected to impact the
results of this SAMA evaluation.

8.2 UNCERTAINTY

Since the inputs to PRA cannot be known with complete certainty, there is possibility that the
actual plant risk is greater than the mean values used in the evaluation of the SAMA described in
the previous sections. To consider this uncertainty, a sensitivity analysis was performed in
which an uncertainty factor was applied to the frequencies calculated by the PRA and the
subsequent benefits were calculated based upon the mean risk values multiplied by this
uncertainty factor. The uncertainty factor applied is the ratio of the 95 percentile value of the
CDF from the PRA uncertainty analysis to the mean value of the CDF. For Unit 2 the 95"
percentile value of the CDF is 3.89E-5/yr; therefore, uncertainty factor is 1.62. Table 8-1
provides the benefit results from each of the sensitivities for each of the SAMA cases evaluated.

8.3 PEER REVIEW FACTS/OBSERVATIONS

The model used in this SAMA analysis includes the resolution of the Facts-and-Observations
(F&Os) identified during the PRA Peer Review. Therefore, no specific sensitivities were
performed related to this issue.

8.4 EVACUATION SPEED
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Three evacuation sensitivity cases were performed to determine the impact of evacuation
assumptions. One sensitivity case reduced the evacuation speed by a factor of four (0.05 m/sec)
and the second increased the speed to 2.24 m/s. The third sensitivity case assumed an increase
by a factor of 1.5 in the alarm time, thus delaying the commencement of physical evacuation.

The base evacuation speed was derived in a conservative manner assuming inclement weather
and persons without transportation an average evacuation speed of 0.2 m/s was determined. A
decrease in the evacuation speed by a factor of four to 0.05 m/s would have the impact of taking
over 2 days to evacuate. Runs with an increase to 2.24 m/s (approximately 5 mph) were also
performed to assess the slope and relative sensitivity of the dose to evacuation speed.

The third sensitivity case performed was a delay in the alarm time to simulate problems in
communication that might be experienced during the night or severe weather. The alarm delay
was multiplied by a factor of 1.5 for this case.

The results of the evacuation sensitivity runs indicated that Mean Total Economic Costs are very
insensitive to evacuations speeds. Decreasing the evacuation speed had a maximum impact of 10
percent on total dose. Total dose was not sensitive to a delay on the alarm time. The Mean
Population Exceeding 0.05 Sv showed some sensitivity to evacuation speed for the late
containment failures. The tables below provide a summary of the evacuation sensitivity results.
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Table 8.4-1 Evacuation Speed Sensitivity Results

Evacuation Speed Alarm Delay
Release Base
Category Note 1 Slower Percent Faster Percent 1.5x Percent
(0.11 mph Change (5 mph) Change OALARM Change
Mean L-EFFECTIVE TOT LIF Dose (Sv)
INTACT | 8 8 | 1] 8 | 3] 8 | 0
ECF
VSEQ 50,400 53,700 7 42,700 -15 50,100 -1
SGTR 44,500 47,400 7 40,500 -9 44,700 0
DCH 86,800 88,900 2 81,500 -6 86,800 0
SECF
SGTR 50,500 55,500 10 29,000 -43 50,500 0
LOCI 35,200 37,200 6 31,700 -10 35,300 0
BVS 43,800 46,400 6 34,600 -21 44,200 1
LATE
Large 1,530 1,540 1 1,470 -4 1,540 1
Small 20,200 21,400 6 20,200 0 20,300 0
H2 Burn 19,300 19,900 3 18,700 -3 19,400 1
BMMT 7,680 7,850 2 7,670 0 7,680 0
Mean Population Exceeding 0.05 Sv
INTACT | 0 0 | 0 | 0] 0 0 | 0
ECF
VSEQ 143,000 143,000 0 138,000 -3 143,000 0
SGTR 154,000 154,000 0 147,000 -5 154,000 0
DCH 274,000 275,000 0 266,000 -3 274,000 0
SECF
SGTR 80,200 80,700 1 72,400 -10 80,200 0
LOCI 37,600 38,400 2 28,300 -25 37,400 -1
BVS 86,700 87,200 1 80,100 -8 86,900 0
LATE
Large 2 27 1,499 2 -8 3 62
Small 7,170 12,900 80 7,150 0 7,240 1
H2 Burn 21,700 24,700 14 18,500 -15 23,000 6
BMMT 2,210 2,730 24 2,200 0 2,240 1
Mean Total Economic Costs ( $)
INTACT | 6.400E+03 6.400E+03 | 0 | 6.400E+03 | 0 6.400E+03 | 0
ECF
VSEQ 3.530E+10 3.530E+10 0 3.530E+10 0 3.530E+10 0
SGTR 4.280E+10 4.280E+10 0 4.280E+10 0 4.280E+10 0
DCH 4.800E+10 4.800E+10 0 4.800E+10 0 4.800E+10 0
SECF
SGTR 2.540E+10 2.540E+10 0 2.540E+10 0 2.540E+10 0
LOCI 2.650E+10 2.650E+10 0 2.650E+10 0 2.650E+10 0
BVS 1.130E+10 1.130E+10 0 1.130E+10 0 1.130E+10 0
LATE
Large 1.180E+08 1.180E+08 0 1.180E+08 0 1.180E+08 0
Small 1.090E+10 1.090E+10 0 1.090E+10 0 1.090E+10 0
H2 Burn 6.670E+09 6.670E+09 0 6.670E+09 0 6.670E+09 0
BMMT 4.380E+09 4.380E+09 0 4.380E+09 0 4.380E+09 0
Note 1 Current Economic data, 2047 population data, and 2001 met data
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8.5 REAL DISCOUNT RATE

Calculation of severe accident impacts in the BVPS-2 SAMA analysis was performed using a
“real discount rate” of 7% (0.07/year) as recommended in Reference 20. Use of both a 7% and
3% real discount rate in regulatory analysis is specified in Office of Management Budget (OMB)
guidance (Reference 25) and in NUREG/BR-0058 (Reference 26). Therefore, a sensitivity
analysis was performed using a 3% real discount rate.

In this sensitivity analysis, the real discount rate in the Level 3 PRA model was changed to 3%
from 7% and the Phase II analysis was re-performed with the lower interest rate.

The results of this sensitivity analysis are presented in Table 8-1. This sensitivity analysis does
not challenge any decisions made regarding the SAMA:.

8.6 ANALYSIS PERIOD

As described in Section 4, calculation of severe accident impacts involves an analysis period
term, tr, which could have been defined as either the period of extended operation (20 years), or
the years remaining until the end of facility life (from the time of the SAMA analysis to the end
of the period of extended operation) (40 years for Unit 2).

The value used for this term was the period of extended operation (20 years). This sensitivity
analysis was performed using the period from the time of the SAMA analysis to the end of the
period of extended operation to determine if SAMAs would be potentially cost-beneficial if
performed immediately.

In this sensitivity analysis, the analysis period in the calculation of severe accident risk was
modified to 40 years and the Phase II analysis was re-performed with the revised analysis period.
The cost of additional years of maintenance, surveillance, calibrations, and training were
included appropriately in the cost estimates for SAMASs in this Phase II analysis.

The results of this sensitivity analysis are presented in Table 8-1. This sensitivity analysis does
not challenge any decisions made regarding the SAMA:.
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9 CONCLUSIONS

As a result of this analysis, the SAMAs identified in Table 9-1 have been identified as potentially
cost beneficial, either directly or as a result of the sensitivity analyses. However, since the other
potential improvements could result in a reduction in public risk, these SAMAs will be entered
into the Beaver Valley Long-range Plan development process for further consideration.

Implementation of SAMA 3 would involve the purchase of a portable generator to supply power
to the steam generator level instrumentation. The TDAFW pump does not require power to start
or continue running.

Implementation of SAMA 78 would require removing the start-up feedwater pump skid
(including main motor and associated auxiliary oil and seal water pumps and motors), and
associated suction, discharge and recirculation piping and valves (including the current motor-
operated and air-operated discharge valves). These components would be replaced by a smaller
pump and motor skid, and associated piping and valves. The new suction and recirculation
piping and valves would be run to an independent water source outside of the Turbine Building.
The new discharge piping and valves (including a new motor-operated discharge valve), would
be run to the abandoned location on the main feedwater header. Any disconnected, original
power and control cabling (and associated circuit breakers, control switches and alarms) from the
ERF substation and Unit 2 Control Room would be reused where possible.

Implementation of SAMA 164 would involve two actions. The first is a procedural change to
direct the operators to close the RCS loop stop valves to isolate a steam generator that has had a
tube failure. The second involves purchase or manufacture of a gagging device that could be
used to close a stuck open steam generator safety valve (i.e., faulted) on the ruptured steam
generator prior to core damage in SGTR events.

None of the SAMASs in Table 9-1 have been found to be aging-related.
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Table 9-1 BVPS-2 Potentially Cost Beneficial SAMASs

BV2 SAMA Potential Improvement Discussion Additional Discussion
Number

3 Add additional battery charger or portable, diesel-driven battery Improved availability of DC power system.
charger to existing DC system.

78 Modify the startup feedwater pump so that it can be used as a Increased reliability of decay heat removal. This would provide a system
backup to the emergency feedwater system, including during a similar to the dedicated AFW
station blackout scenario. pump present at Unit 1.

164 Modify emergency procedures to isolate a faulted ruptured SG Reduce release due to SGTR.

due to a stuck open safety valve. This SAMA to provide
procedural guidance to close the RCS loop stop valve to isolate
the generator from the core and provide mechanical device to
close a stuck open SG safety valve.
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APPENDIX A — PRA RUNS FOR SELECTED SAMA CASES
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Explanation of Appendix A Contents

This appendix describes each of the SAMA evaluation cases. An evaluation case is an evaluation of plant
risk using a plant PRA model that considers implementation of the evaluated SAMA. The case-specific
plant configuration is defined as the plant in its baseline configuration with the model modified to
represent the plant after the implementation of a particular SAMA. As indicated in the main report, these
model changes were performed in a manner expected to bound the change in risk that would actually be
expected if the SAMA were implemented. This approach was taken because the actual designs for the
SAMAs have not been developed.

Each analysis case is described in the following pages. Each case description contains a description of the
physical change that the case represents along with a description of the SAMAs that are being evaluated
by this specific case.

The PDS frequencies calculated as a result of the PRA model quantification for each SAMA case is
presented in Table A-5.
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Case INSTAIRI1

Description: This case is used to determine the benefit of replacing the air compressors. For the purposes
of the analysis, a single bounding condition was performed, which assumed the station instrument air
system does not fail.

Case NOATWS

Description: This case is used to determine the benefit of eliminating all Anticipated Transient Without
Scram (ATWS) events. For the purposes of the analysis, a single bounding analysis was performed which
assumed that ATWS events do not occur.

Case NOSGTR

Description: This case is used to determine the benefit of eliminating all steam generator tube rupture
(SGTR) events. This allows evaluation of various possible improvements that could reduce the risk
associated with SGTR events. For the purposes of this analysis, a single bounding analysis was performed
which assumed that SGTR events do not occur.

Case NOLOSP

Description: This case is used to determine the benefit of eliminating all loss of offsite power (LOSP)
events, both as the initiating event and subsequent to a different initiating event. This allows evaluation
of various possible improvements that could reduce the risk associated with LOSP events. For the
purposes of the analysis, a single bounding analysis was performed which assumed that LOSP events do
not occur, both as an initiating event and subsequent to a different initiating event.

Case NOSBO

Description: This case is used to determine the benefit of eliminating all station blackout (SBO) events.
This allows evaluation of possible improvements related to SBO sequences. For the purpose of the
analysis, a single bounding analysis is performed that assumes the emergency AC power supplies do not
fail.

Case NOSLB

Description: This case is used to determine the benefit of installing secondary side guard pipes to the
main steam isolation valves (MSIVs). This would prevent secondary side depressurization should a steam
line break occur upstream of the MSIVs. For the purposes of the analysis, a single bounding analysis was
performed which assumed that no steam line break (SLB) events occur.

Case HEP1

Description: The probability of basic event OPRWMI, Operator aligns makeup to the RWST, given a
SGTR with secondary leakage, is reduced by a factor of 3. This case is used to evaluate improvements
that would lower the associated human error probability.

Case HEP2

Description: The probability of basic event OPROT1, Operator manually trips reactor within 1 minute,
given automatic trip failed, is reduced by a factor of 3. This case is used to evaluate improvements that
would lower the associated human error probability.

Case HEP3

Description: The probability of basic event OPROF2, Operator realigns Main Feedwater - no SI signal
present, is reduced by a factor of 3. This case is used to evaluate improvements that would lower the
associated human error probability.
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Case HEP4

Description: The probability of basic event OPROS6, Operator manually actuates AFW following a
transient, is reduced by a factor of 3. This case is used to evaluate improvements that would lower the
associated human error probability.

Case HEP5

Description: The probability of basic event OPRDC2, Operator aligns spare battery charger 2-9 to BAT-
CHG2-2, given that it has failed and the batteries are supplying the bus, is reduced by a factor of 3. This
case is used to evaluate improvements that would lower the associated human error probability.

Case HEP6

Description: The probability of basic event OPRDC12, Operator aligns spare battery charger 2-7 to BAT-
CHG2-1, given that it has failed and the batteries are supplying the bus, is reduced by a factor of 3. This
case is used to evaluate improvements that would lower the associated human error probability.

Case HEP7

Description: The probability of basic event OPROB2, Operator initiates Bleed & Feed when AFW fails,
given that MFW restoration was not attempted, is reduced by a factor of 3. This case is used to evaluate
improvements that would lower the associated human error probability.

Case HEPS

Description: The probability of basic event OPROCI, Operator trips the RCPs during a loss of all CCP, is
reduced by a factor of 3. This case is used to evaluate improvements that would lower the associated
human error probability.

Case HEP9

Description: The probability of basic event OPROBI, Operator initiates Bleed & Feed when AFW fails,
after attempting to realign MFW, is reduced by a factor of 3. This case is used to evaluate improvements
that would lower the associated human error probability.

Case HEP10

Description: The probability of basic event OPRSLI1, Operator identifies ruptured S/G and initiates
isolation, is reduced by a factor of 3. This case is used to evaluate improvements that would lower the
associated human error probability.

Case LOCAO(1

Description: This case is used to determine the benefit of eliminating all small LOCA events. This case
was used to evaluate improvements that would help mitigate small LOCA events.

Case LOCAO02

Description: Assume High Pressure Injection system does not fail. This case was used to evaluate
improvements in the high pressure injection systems.

Case LOCAO03

Description: Assume Low Pressure Injection system does not fail. This case was used to evaluate
improvements in the low pressure injection system.

SEVERE ACCIDENT MITIGATION ALTERNATIVES Page C.2-124



Beaver Valley Power Station Units 1 & 2
License Renewal Application
Appendix E - Environmental Report

Case LOCA04

Description: Assume the Refueling Water Storage Tank (RWST) inventory never depletes. This case was
used to evaluate improvements that provide refill or backup to the RWST.

Case LOCAO05

Description: Eliminate all piping failure LOCAs. No change for non-piping failure LOCAs such as
SGTR, RCP Seal LOCA, stuck open SRV/PORV or ISLOCA. This case was used to evaluate
improvements that would lower the probability of piping system LOCA events.

Case LOCA06

Description: Assume no ISLOCA events occur. This case is used to determine the benefit of
eliminating all ISLOCA events.

Case DC1

Description: Assume the DC power system does not fail or deplete. This case is used to
determine the impact of the improvement in the DC power system.

Case CHGO1

Description: Eliminate the dependency of the charging pumps on cooling water. This case is
used to determine the benefit of removing the charging pumps dependency on cooling water.

Case SW01

Description: Eliminate the dependency of the service water pumps on DC power. This case is
used to determine the benefit of enhancing the DC control power to the service water pumps.

Case CCWO01

Description: This case is used to determine the benefit of improvement to the Component
Cooling Water (CCW) system by assuming that CCW pumps do not fail.

Case FW01

Description: Eliminate loss of feedwater initiating events. This case is used to determine the
benefit of improvements to the feedwater and feedwater control systems.

Case RCPLOCA

Description: This case is used to determine the benefit of eliminating all RCP seal LOCA events
except those associated with seismic events with a PGA greater than 0.35g. This allows
evaluation of various possible improvements that could reduce the risk associated with RCP seal
LOCA and other small LOCA events.

Case CONTO01

Description: This case is used to determine the benefit of eliminating all containment failures due
to overpressurization. This is analogous to considering a perfect filter with perfect hardware and
perfect operation implemented on sequences that lead to any containment overpressure
condition.
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Case H2ZBURN

Description: Eliminate all hydrogen ignition and detonation events. This case is used to
determine the benefit of eliminating all hydrogen ignition and burns.

Case CONT02

Description: Assume failures of containment isolation do not occur. This case is used to
determine the benefit of eliminating all containment isolation failures.

Case FLOOD1

Description: This case eliminates the internal cable vault flooding from fire water. This case is
used to evaluate improvements that would help eliminate or mitigate this flood.

Case FLOOD?2

Description: This case eliminates the safeguards building N&S rooms internal flood. This case
is used to evaluate improvements that would help eliminate or mitigate this flood.

Case FIREO05

Description: This case eliminates the fires in zone CB-3 that cause a total loss of main feedwater
and auxiliary feedwater with subsequent failure of bleed and feed. This case is used to evaluate
improvements that would help eliminate or mitigate this fire.

Case FIRE06

Description: This case eliminates the fires in zone CT-1 that cause a total loss of service water.
This case is used to evaluate improvements that would help eliminate or mitigate this fire.

Case FIRE(Q7

Description: This case eliminates the fires in zone SB-4 that cause a total loss of normal AC
power with subsequent failure of emergency AC power and station crosstie leading to station
blackout. This case is used to evaluate improvements that would help eliminate or mitigate this
fire.

Case FIRE(0S

Description: This case eliminates the fires in zone CV-1 that cause failure of service water train
A. This case is used to evaluate improvements that would help eliminate or mitigate this fire.

Case FIRE(09

Description: This case eliminates the fires in zone CV-3 that cause failure of component cooling
water (thermal barrier cooling) and service water with subsequent failure of reactor coolant
pump seal injection. This case is used to evaluate improvements that would help eliminate or
mitigate this fire.

Case FIRE10

Description: This case eliminates the fires in zone DGIL1A, Emergency Diesel Generator
(EDG) building. This case is used to evaluate improvements that would help eliminate or
mitigate this fire.
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Case FIRE11

Description: This case eliminates the fires in zone DG2L1A, EDG building. This case is used to
evaluate improvements that would help eliminate or mitigate this fire.

Case SBO1

Description: This case eliminates the failures of the EDGs due to failures in the fuel oil system.
This case is used to evaluate the installation of a diesel fuel oil cross-tie between the units.

Case SEISMIC1

Description: This case reduces the failure of the Emergency Response Facility (ERF) Substation
batteries due to seismic events (by setting the ERF Substation battery seismic capacity equivalent
to the Unit 2 125V DC Emergency battery capacity). This case is used to evaluate the benefit of
increasing the seismic ruggedness of the ERF Substation battery racks.

Case DAFW (new base case)

Description: This case is developed to assess the impact of the addition of a dedicated AFW pump
powered by the ERF diesel generator and of a portable diesel generator for unlimited steam generator
level instrumentation.

Case CONTO01D

Description: This case is used to assess the impact of the already defined case CONTO1 to the
new base case DAFW.

Case NOSGTRD

Description: This case is used to assess the impact of the already defined case NOSGTR to the
new base case DAFW.

Case CCW01D

Description: This case is used to assess the impact of the already defined case CCWO01 to the
new base case DAFW.

Case RCPLOCAD

Description: This case is used to assess the impact of the already defined case RCPLOCA to the
new base case DAFW.

Case CHGO01D

Description: This case is used to assess the impact of the already defined case CHGO1 to the new
base case DAFW.

Case NOSBOD

Description: This case is used to assess the impact of the already defined case NOSBO to the
new base case DAFW.

Cases FLOOD1A, FLOODI1B, FLOODI1C, and FLOOD1D

Description: These cases were used to evaluate improved detection of piping degredation for the
fire water piping that causes the flooding of CV-1. The CVFLF bin frequencies were divided by
the initiating event frequency to obtain a conditional core damage (release bin) probability.
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Sensitivity cases were performed by assuming that if an NDE was performed on the fire water
piping the initiating event frequency would be reduced by a factor of 10, 2, or 20. The new
initiating event frequency was multiplied by the CCDP of each release bin and added this value
to the associated FLOODI1 release bin frequency (the FLOODI bin frequencies are without any
CVEFLF contribution).

FLOODI1D was developed analogously but the CCDP for each bin was multiplied by an HEP of
1E-3 to estimate the likelihood of the operators failing to isolate the leakage from the fire water
pipe given the existing procedure which responds to the fire protection water flow alarm. The
CCDPs, the HEP and the initiating event frequency were recombined to arrive at the fin
frequencies.

Cases SGTR2, SGTR3, SGTR4, and SGTRS

Description: The SG sensitivity cases were performed assuming that the operator action to close
the RCS loop stop valves or to gag closed the stuck-open SG SV would only have a 50%
probability of success, as opposed to the 100% success probability assumed in the NOSGTR
maximum benefit case. To perform the SG sensitivity cases, the sum of SGTR release bin
frequencies were divided by the single SGTR initiating event frequency (1.6059E-03) to obtain
the SGTR conditional core damage probabilities for each release bin. The following describes
how these SGTR release bin frequency sums and conditional release bin frequencies were
applied to each sensitivity case.

For the SGTR2 case, where the operators gag a stuck-open SV, only the unscrubbed containment
bypass release bin frequency (BV18) would be impacted. Since the assumed operator action to
gag closed the stuck-open SG SV has a 50% probability of success, the SGTR BV18 release bin
frequency was multiplied by 0.5. However, since the total CDF from SGTRs would not change
from performing this action, the other 50% of the BV18 release bin frequency was added to the
scrubbed small release bin frequency (BV20). The remaining SGTR release bin frequency sums
remained unchanged. These new SGTR bin frequencies were then added to the NOSGTR
release bin frequencies to obtain the SGTR2 sensitivity case release bin frequencies.

For the SGTR3 case, where the operators close the RCS loop stop valves, all of the SGTR
release bin frequencies are impacted, since this action would essentially terminate the SGTR.
Since the assumed operator action to perform this action has a 50% probability of success, the
SGTR initiating event frequency was multiplied by 0.5. This new initiating event frequency
(8.0295E-04) was then multiplied by each of the SGTR conditional release bin probabilities.
The resultant new SGTR bin frequencies were then added to the NOSGTR release bin
frequencies to obtain the SGTR3 sensitivity case release bin frequencies.

For the SGTR4 case, where the operators close the RCS loop stop valves and gag a stuck-open
SV, all of the SGTR release bin frequencies are impacted, since this action would essentially
terminate the SGTR. Since the assumed operator action to perform this action has a 50%
probability of success, the SGTR initiating event frequency was multiplied by 0.5. This new
initiating event frequency (8.0295E-04) was then multiplied by each of the SGTR conditional
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release bin probabilities to obtain revised SGTR bin frequencies. Additionally, the unscrubbed
containment bypass release bin frequency (BV18) would be reduced by a 50% probability of
success for terminating the unscrubbed containment bypass release. Therefore, the revised
SGTR BV18 release bin frequency was further reduced by multiplying it by 0.5, and the other
50% of the revised BV18 release bin frequency was added to the revised scrubbed small release
bin frequency (BV20). These new SGTR bin frequencies were then added to the NOSGTR
release bin frequencies to obtain the SGTR4 sensitivity case release bin frequencies.

For the SGTRS case, where the steam generators were replaced, all of the SGTR release bin
frequencies are impacted, since this would reduce the frequency of having an SGTR. The new
SGTR initiating event frequency was assumed to be same as the Unit 1 SGTR frequency, where
the replacement steam generators were already implemented. This new initiating event
frequency (6.9656E-04) was then multiplied by each of the SGTR conditional release bin
probabilities. These new SGTR bin frequencies were then added to the NOSGTR release bin
frequencies to obtain the SGTRS sensitivity case release bin frequencies.
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