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This letter provides Southern California Edison's (Edison's) response to
Generic Letter 88-20, Supplement 4, Individual Plant Examination of External
Events (IPEEE) for Severe Accident Vulnerabilities - 10CFR 50.54(f), as
committed to in the Reference. The San Onofre Nuclear Generating Station
(SONGS) IPEEE program meets the objectives of Generic Letter 88-20, Supplement
4 and NUREG-1407, “"Procedural and Submittal Guidance for the Individual Plant
Examination of External Events (IPEEE) for Severe Accident Vulnerabilities,”
dated June 1991.

As a result of the IPEEE effort, several procedura. .~d design modifications
were identified as cost beneficial in enhancing the abylity of SONGS Units 2
and 3 to resist core damage due to external initiating events. Some of these
modifications have already been completed. All modifications will be
completed by the end of the next refueling outage for each unit. The Unit 2
Cycle 9 refueling outage is currently scheduled for November, 1996, and the
Unit 3 Cycle 9 refueling outage is currently scheduled for March, 1997.

As documented in the enclosure, the core damage frequency due to external
' initiating events projected for Cycle 9 operation is approximately 3.3E-5 per
year.
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1. EXECUTIVE SUMMARY

This report documents the results and findings of the Individual Plant Examination of
External Events (IPEEE) for San Onofre Nuclear Generating Station (SONGS) Units 2
and 3 in response to Nuclear Regulatory Commission (NRC) Generic Letter 88-20,
Supplement 4. This summary covers the 1) background and objectives, 2) plant
familiarization, 3) overall methodology, and 4) summary of major findings

1.1 BACKGROUND AND OBJECTIVES

In November of 1988, the NRC issued Generic Letter 88-20 [1-1] requesting that all
U.S. nuclear utilities perform a plant-specific Individual Plant Examination (IPE) for
severe accident vulnerabilities. This effort involved an integrated analysis of plant and
system response to a wide spectrum of internal, randomly initiated events such as
reactor trips, loss of offsite power, and luss of coolant accidents (LOCAs) with an
emphasis on quantification of plant core damage frequency and evaluation of
containment performance. Southern California Edison (SCE) completed and submitted
the IPE to the NRC on April 29, 1993

in June of 1991, the NRC issued Supplement 4 to Generic Letter 88-20 [1-2] requesting
that all U S nuclear utilit'es perform a plant specific IPE of external events (IPEEE) to
identify vulnerabilities, if any, to severe accidents and report the results together with
any licensee determined improvements and corrective actions to the NRC. The IPEEE
initiators include earthquakes, internal fires, high winds and tornados, external floods,
and transportation & nearby facility accidents. The specific objectives of the IPEEE
study, which are similar to the IPE, were for each licensee:

(1) to develop an appreciation of severe accident behavior,

(2) tounderstand the most likely severe accident sequences that could occur
at its plant under full power conditions,

(3) to gain a qualitative understanding of the overall likelihood of core
damage and radioactive material release, and

(4) if necessary, to reduce the overall likelihood of core damage and
radioactive material releases by modifying hardware and procedures that
would help prevent or mitigate severe accidents



SONGS 2/3 Individual Plant Examination of External Events

1.2 PLANT FAMILIARIZATION ‘

SONGS is located on the coast of Southern California, in San Diego County,
approximately 62 miles southeast of Los Angeles and approximately 51 miles northwest
of San Diego. The station is located entirely within the Camp Pendleton Marine Corps
Base The station includes three reactors. Unit 1, which operated until late 1992, is
located northwest of and immediately adjacent to Units 2 and 3. Units 2 and 3 are
essentially identical operating units and have the provision for limited sharing of AC
power systems and cooling water intake structures. The plants also share a common
contro! room complex, radwaste facilities, instrument air/nitrogen and emergency
heating, ventilation, and air conditioning (HVAC) systems. Other than the above noted
commonalities SCNGS 2 and 3 operate as independent entities.

SONGS Unit 2 received its operating license in February 1982 and began commercial
operation in August 1983 SONGS Unit 3 received its operating license in November
1982 and began commercial operation in April 1984

1.3 OVERALL METHODOLOGY

SCE completed the IPEEE in accordance with Generic Letter 88-20, Supplement 4 and
NUREG-1407 [1-2,1-3] using methods consistent with NUREG/CR-2300 and ‘
NUREG/CR-4840 [1-4,1-5] Separate methodologies were used to address each

initiating event (1.e., seismic, internai fires, high winds, floods, and other hazards). The

general methodology is described below with specifics provided in the methodology

subsections of Sections 3, 4, and 5.

The seismic evaluation was completed in accordance with seismic probabilistic risk
analysis (PRA) methods found in NUREG/CR-2300 [1-4]. A plant-specific seismic
hazard curve was developed by a team of seismic consultants and reviewed by a pane!
of independent experts [1-6] A team of in-house and consultant engineers combined
to assess component, structural, and relay fragilities. Relay chatter impact was
assessed for non-seismically screened relays. The combined information was logically
assembled to produce the SONGS 2/3 seismic event tree which is the plant seismic
model. Using the SONGS 2/3 seismic event tree model, the hazard curve was
mathematically convolved with developed seismic fragility curves for safety equipment
that are required to operate following a seismic event. A supplemental analysis of non-
seismic failures and human actions was then integrated with the seismic analysis. The
results of the seismic analysis include the seismic core damage frequency and an
understanding of the relative seismic risk frequencies for various pathways to core
damage. Core damage scenarios greater than 1E-7/year were evaluated for potential
containment and containment systems vulnerabilities

1.2 L
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The internal fire analysis was completed in accordance with screening techniques
found in the Nuclear Management and Resources Council/Electric Power Research
Institute (NUMARC/ EPRI) Fire Induced Vulnerability Evaluation (FIVE) methodology
[1-7] and PRA methods found in NUREG/CR-2300. The FIVE methodology's three
phase screening process screens out compartments whose core damage risk is less
than 1E-6/year. Using the expanded Level 2 containment analysis from the internal
events |IPE, the dominant scenarios from the last screening phase (phase Ill) were
evaluated with the SONGS containment event tree and logic models to assess potential
containment or containment systems vulnerabilities

The high winds, floods, and transportation and nearby facility accidents hazards
analysis employed a screening approach as outlined in NUREG-1407 to assess
whether SONGS meets 1975 Standard Review Plan (SRP) criteria.  If SONGS did not
meet the 1975 SRPcritenia, further evaluation would be required to assess the risk
significance of non-conforming items. As in the seismic and internal fires analysis,
containment performance was assessed

1.4 SUMMARY OF MAJOR FINDINGS

The subsequent sections of this summary present the results of the IPEEE

141 LEVEL | RESULTS

The total mean core damage frequency (CDF) for external events at SONGS 2/3 was
calculated to be approximately 3 3E-5/year’. (The CDF for internal event initiators
[loss of coolant accidents (LOCAs), steam generator tube ruptures (SGTRs), loss of
offsite power ( LOP), etc | was reported in the SONGS 2/3 IPE to be 3 OE-5/year.)

The level | results for seismic and internal fire hazards are listed in Table 1 4-1
Additional results information for the seismic and fire hazards risk analyses are
provided in Sections 141 1and1412

Following completion of all scheduled modifications discussed in Section 1.4.3

1-3
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TABLE 1.441
LEVEL | RESULTS
INITIATING EVENT MEAN CORE DAMAGE FREQUENCY
Seismic 1. 7E-5lyear
Internal Fires® 1.6E-5lyear

? This value represents the core damage frequency of all unscreened core damage scenarios.

Core damage frequency for high winds, floods, and other hazards was not quantified
since the results of the high winds, floods, and other hazards events analysis
demonstrated that SONGS 2/3 meets the 1975 Standard Review Plan criteria, and that
the analyzed and screened events do not pose a significant risk. In accordance with
NUREG-1407, this analysis demonstrates that ‘no other plant-unique external event is
known that poses any significant threat of severe accident within the context of the
screening approach for ‘High Winds, Floods and Others”™

1.4.1.1 Seismic

The SONGS 2/3 mean seismic core damage frequency is 1. 7E-5/year. The seismic
risk is evaluated for the seismic hazard developed specifically for SONGS 2/3 which .
includes accelerations beyond the SONGS 2/3 design basis earthquake of 0.67g peak

ground acceleration (PGA). The risk, as a function of average spectral acceleration

between 1 and 10 Hz, 1s provided in Figure 1 4-1. The “average spectral acceleration”

is approximately 2 3 times the “peak ground acceleratior.”. Average spectral

acceleration is used because it is necessary to anchor the hazard curve to the same

parameter used for component fragilities The dominant contributors by sequence are

presented in Table 1 4-2.
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SEISMIC EVENT MAGNITUDE VS. CDF

FIGURE 1.4-1
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TABLE 1.4-2

SONGS 2/3 TOP SEISMIC CORE DAMAGE SEQUENCES

Seq s ic Fail Dominant Random SDs Sequence
Rank # 0 Sequence Description " Failures Fregquency l e CDF
Switchyard
Seismic ‘ oss of Offsite Power Reserve Auxiliary Transformers NA
1 20 | Seismic Failure of Emergency Switchgear Switchyard Relays {Chatter) 657E-6 10 657E6
il 480V Switchgear
F Motor Control Centers
Switchvard
Reserve Auxitiary Transformers
Seismic Loss of Offsite Fower " N/A
2 29 Switchyard Relays (Chatter) 331E-6 10 33E-6
Seismic Faliure of Instruments/Control 1
Auwxaliary Building
Emergency Chitiers
Seismic Loss of Offsite Power Switch.vard Emergency Diesel Generators
3 16 | No Seismic Failure of Other Components Reserve Auxiliary Transformers DG Emergency Supply Fans 6.94E-3 35764 2 48E-6
Random Loss of Emergency Diese! Generators Switchyard Relays (Chatter) DG Fuel Transfer Pumps
Operator failure - Condensate M/U
Seismic Loss of Offsite Power Switchyard 'Tlu Ih UI D'm::m P
4 16 | No Seismic railure of Other Components Reserve Auxiliary Transformers 5 sa Eshas -8 ILI ICher . 6 04E-3 1 89E-4 131E-6
R Laon of Ao SRy s SR TD AFW Pump Control Valves
Emergency Chillers
Switchyard
: Reserve Auxiiiary Transformers
Seismic Loss of Offsite Power
s | 26 | Seismic-induced Smali LOCA T - . 11566 | 10 11566
Seismic Failure of Emergency Switchgear 480V Switchgear
i Motor Control Centers
d
Seismic Loss of Cffsite Power Reserve Auxiliary Transformers N/A
6 23 | Seismic-induced Smal LOCA Switchyard Relays (Chatter) BO1E-7 10 BO1E-7
Setsmic Failure of Recircuiation Small LOCA
J Emergency Sump Valve Bellows
==
1-6
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TABLE 1.4-2

SONGS 2/3 TOP SEISMIC CORE DAMAGE SEQUENCES

SDS

Sequence Description

~4

18

Seismic Loss of Offsite Power
Seismic Fatlure of CCW/SWC

——=

Reserve Auxiliary Transformers
Switchyard Reilays (Chatter)
Safety Equipment Building
CCW Heat E

SWC Valve Relays (Chatter)
Primary Piant M/U Tank

SWC Discharge Gate

Dominant Random
Faitures

N/A

Seismic Loss of Offsite Power

Seismic Failure of Condensate Storage Tanks

Switchyard
Reserve Auxiliary Transformers
Switchyard Relays (Chatter)

Condensate Storage Tank T120
Condensate Storage Tank T121

NiA

Seismic Loss of Offsite Power
Seismic-Induced Small LOCA
Random Loss of CCW

Random Loss of Safety injection

Switchyard

Reserve Auxiliary Transformers
Switchyard Relays (Chatter)
Small LOCA

CCW Heai Exchangers

CCW Non-Critical Loop isolation Vivs
CCW Pumps

High Pressure Safety Injection Pumps

10 24

Seismic Loss of Offsite Power
Seismic-induced Smali LOCA
Seismic Failure of CCW/SWC

Switchyard

Reserve Auxihary Transformers
Switchyard Relays (Chatter)
Small LOCA

Safety Equipment Building
CCW Heat Exchangers

SWC Vaive Relays (Chatter)
Primary Plant M/U Tank

SWC Discharge Gate

N/A

— e —————— ==
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1.4.1.2 Internal Fires

Using the FIVE methodology's three phase screening process, ten fire compartments
were dentified as having a core damage frequency greater than the screening criteria
of 1E-6/yr. Further, more rigorous calculations that utilized a cutset culling limit
consistent with that of the IPE reduced the CDF for all ten compartments such that four
of the ten compartments are less than 1E-8/year The combined CDF for the ten
compartments is 1 6E-S5/year Table 1.4-3 provides the risk contributions of these
compartments.

TABLE 1.4-3
CDF OF FIRE COMPARTMENTS NOT SCREENED BY FIVE METHODOLOGY

[T Fre | DEscRemoN | CORE DAMAGE |
COMPARTMENT FREQUENCY
2-AC-50-40 Switchgear Room 33E-6
2-AC-50-35 Switchgear Room 29E-6
2-TB-148 Turbine Building 2.2E-6
2-PE-63-3B Electrical Penetration 1.7E-6
3-PE-63-3B Electrical Penetration 16E-6
2-PE-45-3A Electrical Penetration 1.0E-6
2-AC-85-71 Switchgear Room 0.94E-6
2-DG-30-158 Diesel Generator Room 0.93E-6
2-DG-30-155 Diesel Generator Room 0.93E-6
2-AC-9-17 Relay Room 092E-6
Total CDF of Fire ComErtments Not Screened Bx FIVE 1.6E-Snyr J

142 LEVEL Il RESULTS

Generic Letter 88-20, Supplement 4, Appendix 2 states
“The evaluation of the containment performance (Level Ii analysis) for external
events should be directed toward a systematic examination of whether there are

sequences that involve containment failure modes distinctly different from those
identified in the IPE internal events evaluation or contribute signifizantly to the

1-8
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likelihood of functional failure of the containment (seismic-induced loss of
containment barrier independent of core melt) "

The following sections discuss the comparative findings

1.4.2 1 Seismic

Results of the SONGS 2/3 seismic level || analysis are summarized in Table 1.4-4.
Results show that seismic-induced containment bypass with greater than 0.1% volatiles
released (categories D and T) is extremely unlikely. The small increase in frequency of
release categories L, B, and G results from the dependence of containment heat
removal systems on AC power combined with an appreciable likelihood of a loss of
offsite power following a seismic event

Based on comparison with the IPE results, there are no significani additional seismic-
induced large early release source terms and no seismic-induced containment bypass
sequences. Also, there are no additional seismic-induced containment bypass,
isolation or other containment failure modes

TABLE 1.4-4
RELEASE CATEGOR'YY AND PROBABILITY OF SEISMIC IPEEE

IPE
RELEASE
RELEASE CATEGORY DEFINITION FREQUENCY

Success, no containment failure within 48
hours, < 0.1% volatiles released
Late containment failure, up to 1% volatiles
released
Late containment failure, more than 10%
volatiles released
Early/isclation failure, containment failure prior
to or at vessel failure, up to 10% volatiles
released
Containment bypassed, < 0.1% volatiles
released
Containment bypassed, up to 10% volatiles
released
Containment bypassed, > 10% volatiies
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1422 Fire ‘

Results of the SONGS 2/3 internal fire level |l analysis are summarized in Table 1.4-5
Resuits show that fire-inauced containment bypass with greater than 0.1% volatiles
released (categories D and T) is extremely unlikely The frequency for release
categories L, B, and W for internal fires and IPE are relatively similar. The increase in
frequency of release category G i1s due to the model changes incorporated by the
expanded Level 2 containment analysis

Based on comparison with the IPE results, there are no significant additional fire-
induced large early release source terms and no fire-induced containment bypass
sequences. Also there are no additional fire-induced containment bypass, isolation or
other containment faillure modes

TABLE 1.4-5
RELEASE CATEGORY AND PROBABILITY OF FIRE IPEEE

IPE
| RELEASE RELEASE
| CATEGORY RELEASE CATEGORY DEFINITION FREQUENCY
S Success, no containment failure within 14E-5 26E-5
48 hours, < 0.1% volatiles released
L Late containment failure, up to 1% 24E-€ 22E-6
volatiles released
w Late containment failure, more than 2.0E-7 6 9E-7
10% volatiles released
G Earlyfisolation failure, containment 1.4E-7 20E-8
failure prior to/at vessel failure, up to
10% volatiles released
B Containment bypassed, < 0.1% volatiles 2.3E-7 2.2E-7
released
D Containment bypassed, up to 10% 0 12E-6
volatiles released
] Containment bypassed, > 10% volatiles 0 6 5E-7
released

1-10
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1.43 CONCLUSION

The IPEEE effort has met the objectives of the NRC for Generic Letter 88-20,
Supplement 4 which were essentiaily. 1) to develop SCE's understanding of plant
specific responses to severe accidents, and 2) to impiement changes where indicated.

The majority of the modeling, quantification, and prioritization of core damage and
significant release sequences associated with the IPE were performed by in-house
personnel, thus assuring that a detailed appreciation of severe accident behavior was
developed within SCE

The IPEEE identified several plant and procedural changes that provide substantive
and cost effective risk benefit. These changes were included in all modeling and are
reflected in the final results. These changes include:

. improvement in the reliability of cross-connecting Units 2 and 3 to allow a
unit's emergency diesel generators to supply power to the other unit in the
event the other unit has a station blackout (improved 4kV power
availability)

STATUS: implementation by the end of the Cycle 9 refueling outage

“ strengthening of ammonia tank supports (removes ammonia spill hazard)
STATUS: Implementation by the end of the Cycle 9 refueling outage

. removal of floor grating surrounding auxiliary feedwater (AFW) valve
actuators (allow valve movement without spatial interaction with
surrounding grating)

STATUS.  Implementation by December 30, 1995

© removal of concrete plug surrounding Unit 2 diesel generator rue! oil
transfer piping (2) (improves piping's seismic capacity)

STATUS Implementation by December 30, 1995

. fastening adjacent electrical cabinets/panels together (prevent
interactions and relay chatter)

STATUS Implementation by March 31, 1996

1-11
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. stabilizing two light fixtures that interact with electrical cabinets
STATUS: Implementation by December 30, 1995.

© modification of several station procedures to address internai fire findings
These include:

a an administrative change to procedure S023-13-2
(“Shutdown from Qutside the Control Room”) to allow
operators to utilize offsite power in the event that the
reserve auxiliary transformers are not inadvertently tripped
by fire-induced damage to control room panel 2/3CR-63

STATUS: implementation by the end of the Cycle 9 refueling
outage.

b an administrative change to procedure S023-13-21 (“Fire")
to allow operators to recover power to the 4 kV switchgear
by disconnecting power to the diesel generator feecier
breaker and reclosing the offsite power breaker on the
switchgear.

STATUS:  Implementation by the end of the Cycle 9 refueling
outage.

c. an administrative change to alarm response procedure S023-15-
60.A1 (Annunciator Panel 60A, Emergency HVAC) would allow
operators to use air ducting and gas driven fans to prevent room
heat-up. This enhancement also reduces the risk due to seismic
and internal events.

STATUS: implemented
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2. EXAMINATION DESCRIPTION

21  INTRODUCTION

In response to GL 88-20, Supplement 4, SCE performed a probabilistic risk assessment
of SONGS 2/3 involving an integrated analysis of plant and system response to
externally initiated events in order to evaluate and quantify plant core damage
frequency and evaluate containment performance [2-1]. The analysis is based on the
SONGS 2/3 Cycle 7 plant design with modifications described in Section 7.1

2.2 CONFORMANCE WITH GENERIC LETTER 88-20 AND SUPPORTING
MATERIAL

The IPEEE cf SONGS 2/3 as summarized in this submittal conforms to the NRC
guidance contained in GL 88-20, Supplement 4 and NUREG-1407 [2-2]. SCE
submitted a letter dated December 23, 1991, to the NRC outlining the proposed SCE
IPEEE Program Plan for SONGS 2/3

The criteria used in selecting important severe accident sequences were in accordance
GL 88-20, Supplement 4. Documentation of examination results was maintain~d in a
traceabie manner under in-house document control as required. This IPE rep ot
contains the information required by Appendix 4 of GL 88-20, Supplement 4, and
follows the format described in Table C.1 of NUREG-1407

2.3 GENERAL METHODOLOGY

The IPEEE includes three risk analyses: 1) seismic, 2) internal fires, and 3) high winds
floods and other external hazards. The seismic and internal fire analyses include a
Level | (Front-End) analysis of core damage frequencies and a Level |i (Back-End)
analysis of phenomena affecting containment behavior and the release of radionuclides
to the environment. The high winds, floods and other external hazards analysis
includes a progressive screening process to confirm the plant conformity to 1975
Standard Review Plan Criteria (per NUREG-1407) [2-7]

As required in NUREG-1407, the SONGS 2/3 seismic analysis is a full sccoe seismic
PRA. This includes a plant-specific seismic hazard characterization, plai .. systems and
structures response analyses, extensive plant walkdowns, fragility evaluations of
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systems, structures ar.d components, relay chatter evaluations, human reliability
analysis, plant system and sequence analysis, and containment systems analysis The
methods used in the seismic PRA are consistent with NUREG/CR-2300, and
NUREG/CR-4840 [2-3, 2-4] A detailed seismic analysis methodology discussion is
provided in Section 3.0

In conformance with NRC GL 88-20, Supplement 4 and NUREG-1407, the internal fire
analysis used a combination of the two NRC-approved approaches, FIVE and fire PRA
The EPRI FIVE [2-5] methods were used for progressive screening of most fire
compartments, and more detailled COMPBRN fire modeling [2-6] and PRA methods
were used for the analysis of non-screened compartments. A detailed internal fire
analysis methodology discussion is provided in Section 4.0

As described in Generic Letter 88-20 and NUREG-1407, the SONGS 2/3 IPEEE
assessed the impact of high winds, floods and other hazards on the two units using a
screening approach to ensure that all requirements of the 1975 Standard Review Plan
were still met [2-7]. A special walkdown was performed to verify that the plant
conditions with respect to external events documented in the UFSAR had not changed
A detailed discussion of the methodology is provided in Section 5.0

231 APPLICABILITY OF RESULTS TO BOTH UNITS

For the seismic risk analysis, walkdowns were performed for each unit to assess any
differences in plant seismic behavior. Walkdowns identified that the diesel generator
fuel oil transfer system piping for Unit 2 was different than Unit 3 in that the Unit 2
piping was encased in concrete at the building's exterior wall preventing pipe
movement during a seismic event. A seismic event may rupture the pipe and prevent
long ierm DG operation. After the Unit 2 diesel generator fuel oil transfer piping tunnel
is modified to remove the concrete (implementation discussed in Section 7.1), there will
be no risk significant seismic differences between Unit 2 and 3, and therefore, this
analysis 1s applicable to both units

With respect to fire risk, two fire compartments in Unit 3 [3-PE-45-3A & 3-SE-(-15)-136]
were different than the corresponding compartment at Unit 2. All other compartments
are essentially identical between units. The FIVE analysis was performed by including
the fire risk of the two unique Unit 3 compartments with the Unit 2 compartments. The
resulting FIVE analysis is conservative and bounds both units
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The response of SONGS 2 and 3 to other external hazards are identical Therefore
the examination results for seismic, fire, and other external hazards are applicable to
both SONGS Units 2 and 3

2.3.2 VULNERABILITY DEFINITION

As defined in the SONGS 2/3 IPE and used in the IPEEE, the definition of a severe
accident vuinerability is as follows

A vulnerability in a PWR is a plant feature which contrnibutes a disproportionately large
percentage to either core damage or significant release probabilities which are in turn
significantly higher than those of an average PWR

This definition is applicable for the seismic, internal fire, and other hazards analysis

24 INFORMATION ASSEMBLY

The information gathered during the SONGS 2/3 IPE analysis provided the primary
source of information for the SONGS 2/3 IPEEE. The procurement of additiona!
information to support the IPEEE included review of plant-specific historical hazard
data (including seismic, high winds, transportation and other external hazards), other
external events PRA studies, and generic fragility information. SONGS 2/3 piping and
instrumentation drawings, mechanical line isometrics, electrical elementaries, electrical
one-line diagrams, and operations & maintenance procedures provided additional
information. Extensive walkdowns for seismic, internal fire, and high winds, floods, and
other hazards events served a large and valuable source of information

All major work products (i.e , fire hazards and location analyses, seismic hazards
characterization, seismic equipment and relay lists, relay chatter evaluations, fragility
analyses, containment response analyses, etc. ) were subjected to a muiti-discipiinary
review by consultants and SCE personnel to ensure that the plant, systems, and
procedures were reflected accurately
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3. SEISMIC ANALYSIS

This section provides a description of the methodology used to perform the seismic
analysis for SONGS 2/3, and a synopsis of the significant resuits for each portion of the
analysis. The seismic analysis fulfills the objectives of the IPEEE, and provides a
systematic examination to identify any plant-specific vulnerabilities tc severe accidents
initiated by seismic events. The organization of this section is

3.0 Methodology Selection

31  Seismic Hazard Analysis

3.2 Plant Information and Selection of Systems and Equipment
33 Walkdowns

34 Analysis of Plant Systems and Structural Response

35 Evaluatn of Component Fragilities and Failure Modes
36 Analysis of Plant Systems and Sequences

3.7 Analysis of Containment Performance

38 USIA-45 GI-131, and Other Seismic Safety Issues

39 Summary of Seismic Analysis Results

3.10 Seismic Analysis References

311 Seismic Appendices (including Seismic Equipment List and Figures)

Appendices contain the detailed hazard information, seismic equipment list, and
dominant cut sets. The following table provides a cross-reference between the
NUREG-1407 Standard Table of Contents and this submittal

NUREG-1407 SONGS 2/3
Submittal
3.0 Methodoiogy Selection .. . . . : 3.0
31 Seismic PRA . _ L ) , _ 3.1
3.1.1 Hazard Analysis . . .. . 3.1
3.1.2 Review of Plant lnformatlon and Walkdown 3.2 (Plant Information)
..... .. 3.3 (Walkdowns)
313 Analysns of Plant System and Structure Response .. 34
3.1.4 Evaluation of Component Fragilities and Failure
Modes = . .. il 3.

3.1.5 Analysis of Plant Systems Sequences . , 36

6 Analysis of Containment Performance . 3.7

3'2 USI A-45, GI-131, and Other Seismic Safety |ssues 38
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3.0 METHODOLOGY SELECTION

In conformance with NRC Generic Letter 88-20, Supplement 4 and NUREG-1407, the
seismic analysis used the NRC-approved seismic PRA approach. The overall process
is depicted in Figure 3.0-1, and the major steps are briefly described below

Hazard Analysis

A plant-specific seismic hazard analys:s was performed specifically for this seismic
PRA, utilizing state-of-the-art techniques and data. SCE initially presented these
technigues along with the methods to develop seismic component and structural
fragilities to the NRC staff on January 27, 1994 The preliminary results of the seismic
hazard analysis were later presented at a follow-up meeting with the NRC on November
27, 1994

The resuit of the analysis 1s a description of the annual frequency of exceedance of
various ground motion levels (accelerations) at SONGS and the associated uncertainty
The study considered multiple interpretations about the causes and physical
characteristics of potentially active faults and area sources in order to characterize
seismic hazard uncertainty. Similarly, uncertainties in the ground motion attenuation
equations were propagated through the hazard analysis. The result was a suite of
hazard curves (at 6 frequencies), and their associated weights, which represent the
seismic hazard at the site and the associated uncertainty. These hazard curves were
then combined to determine the mean hazard curve, which was used for the baseline
analysis, as permitted by NUREG-1407 Extensive sensitivity studies were performed
for seismicity parameters such as slip rates, depth, and maximum magnitude, and for
attenuation equations. The hazard study was performed by three teams, with an expert
review panel providing feedback during the entire project Section 3.1 provides more
detail on the methodology, input data, and results.

Plant Information and Selectior »f Systems and Equipment

A comprehensive approach was used to identify systems and equipment that can
provide safe shutdown of the reactor, and maintain a safe, stable state after a beyond
design basis earthquake. A seismic equipment list (SEL) was developed which includes
the plant systems and components providing safety functions to prevent core damage.
as well as the structures, equipment, and actuation components necessary for the
functions of containment integrity, containment pressure suppression, containment heat
removal, containment radioactivity removal, and containment isolation
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A plant-specific procedure was followed which used the internal events IPE as the initial
basis for the identification of the appropriate safety functions and systems, and the
required equipment. However, several additional steps were used to identify equipment
which was not in the IPE, but which would be important during and after an earthquake
For example, some components such as heat exchangers and filters which maintain
piping system boundary integrity and prevent flow diversion were added to the SEL
Other components not explicitly in the IPE but added to the SEL are items such as
electrical panels and cabinets which house SEL items The relevant emergency
operating procedures were reviewed and discussed with the training staff to verify that
equipment and instrumentation used in the procedures, and considered critical to safe
shutdown, were included in the SEL. Particular attention was placed on equipment
important to containment performance, including the potential for interfacing systems
LOCA, containment bypass, and containment isolation and actuation. A special effort
was made to include equipment which could cause seismic-induced fires or floods, or
releases of toxic or flammable gases.

A comprehensive list of relays associated with the control, actuation, and
instrumentation of the above equipment was generated separately, and used for the
relay chatter and seismic capacity evaluation task A separate procedure was used to
guide this relay list development, with a series of checks on the process to ensure

completeness. The relay list includes process switches such as temperature and
pressure switches.

The overall results of this task were the seismic equipment list (SEL), which was used to
guide the seismic capacity walkdowns, and the seismic relay list (SRL), which was used

to guide the relay chatter evaluation as well as identify cabinets for the seismic capacity
and relay walkdowns.

Walkdowns

One of the most important tasks in the seismic PRA was the systematic walkdown of
components on the SEL. The purpose was to identify equipment vuinerabilities in either
the component load path or anchorage, potential seismic failure/falling and proximity
interactions, and potential flooding or fluid spray interactions, including multiple
concurrent flooding sources when credible. The walkdowns were performad by teams of
experienced seismic capability engineers, using the EPRI NP-6041 procedures and
worksheets Extensive documentation was taken and incorporated into a seismic
walkdown database. Based on these walkdowns, associated seismic qualification and
anchorage calculations, many of the SEL items were screened at this stage as having

high seismic capacity. Items which could not be screened required seismic fragility
calculations

(#%)
'
w
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Analysis of Plant System and Structural Response

In order to calculate the seismic demand which could be placed on structures and
components from a beyond-design-basis earthquake, realistic estimates of structural
response to seismic events were developed. In general, floor response spectra and
structure member forces developed for the plant design basis are considered to be
conservatively biased Therefore, a state-of-the-art median-centered seismic response
analysis was performed, with particular consideration of soil-structure interactions (SSI)
since SONGS buildings are located on a deep soil site. The overall methodology
followed these steps:

1. Specification of the free-fieid ground motion (from the seismic hazard
analysis)

2 Development of the soil models

3. Calculation of the foundation impedance functions and wave scattering
effects

4 Determination of the fixed-base dynamic characteristics of the structures

8. Performance of the SS| analysis to calculate the response of the coupled

soil-structure system

The two main results were the estimated median structure forces and the variability
about the median for all structures of interest, and the probabilistic floor response
spectra in these structures. These were then used for the structure fragility analysis and
the equipment fragility analysis

Evaluation of Component Fragilities and Failure Modes

For those structures and components that were not screened out based on the seismic
capacity walkdowns, progressively more detailed calculations were performed to
estimate the seismic capacity of each component. In essence, the factors of safety,
conservatism, and over-design that are common in the seismic design, analysis,
construction, and installation of structures and components are estimated, and a
realistic estimate of the ability of a structure or component to withstand an earthquake is
calculated. This capacity is expressed in the form of a family of fragility curves, with
parameters for the median capacity, and the random and modeling uncertainties (3,
By). This provides a realistic estimate of the probability of failure of the component (or
structure) at each level of ground acceleration Relays and switches were included in
these fragility calculations.
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Analysis of Plant Systems and Sequences

The analysis of plant systems and potential accident sequences was similar to the
internal events IPE, and used many of the same models and data. The primary model
difference is that a seismic event tree was developed to delineate the potential
combinations of seismic-induced failures, and resulting seismic scenarios, which were
termed "seismic damage states." Traditional event tree techniques were used to identify
each of the top seismic-induced events, and to formulate the nodal branching logic. The
frequencies of these seismic damage states were quantified by convolving the SONGS
site-specific mean earthquake hazard curve with the structure and equipment seismic
fragility curves. This quantification included dependent and correlated failures, and
appropriate success states. Some seismic-specific operator actions were included in
the analysis. For those scenarios that required additional non-seismic failures to occur
to result in core damage, the IPE internal events model (event trees and fault trees) was
used to davelop conditional core damage probabilities, with appropriate changes given
the seismic damage state These calculations incorporate random failures of equipment
and operator actions. The overall frequency of seismic-induced core damage is then
quantified from these intermediate results by adding up the individual scenarios.

The results are expressed in terms of dominant seismic sequences, dominant
contributors, and contribution of the various acceleration ranges to core damage
frequency. Sensitivity studies were performed for certain key issues, and uncertainty
analysis was performed for seismic hazard and fragility curve uncertainties

Containment Performance

A number of containment performance related structures, systems, and components
were evaluated to determine any unique containment performance issues, particularly
with respect to the potential for containment bypass or early, large releases to the
environment. The methodology used extended plant damage state event trees and fault
trees, containment event trees, and source term grouping logic trees to fully quantify the
dominant seismic scenarios, and determine the impacts on containment performance
and source terms

USI A-45, GI-131, and Other Seismic Safety Issues

In accordance with the IPEEE request, USI A-45 Decay Heat Removal, GI-131 In-core
Flux Mapping Seismic Interaction, seismic-induced fire and flood interactions, and other
seismic safety issues were specifically identified and discussed.
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A summary section is provided to list any potential plant-specific vulnerabilities, and
document the status of planned plant modifications

The following subsections provide more detail on the methods used, and the results and
insights

3.1 SEISMIC HAZARD ANALYSIS

The probabilistic hazard of earthquake-induced ground shaking at the San Onofre
Nuclear Generating Station (SONGS) was investigated for the IPEEE. The results were
used to guide decisions regarding seismic safety and levels of seismic evaluation at the
facility. The express purpose of the study was to follow the methodology developed by
several recent studies of seismic hazard at nuclear facilities in the U.S | so that the
same insights gained from other studies regarding seismic hazards and risk mitigation
can be used at SONGS. These other studies make explicit representation of the
uncertainty in seismic hazard caused by multiple, alternative hypotheses of the causes
and characteristics of earthquakes.

The design of the SONGS study has been to use one team (Geomatrix Consultants,
Inc.) to derive seismic sources, a separate team (Woodward-Clyde Consultants, inc.) to
derive ground motion attenuation eauations, and a third team (Risk Engineering, Inc ) to
perform historical seismicity analysis, integrate the study, and compute the seismic
hazard. In addition, a peer review team consisting of.

Dr. Norman Abrahamson -- Consultant
Professor Keiiti Aki -- University of Southern California
Professor Clarence Allen -- California Institute of Technology

has been involved from the beginning of the project to review ongoing studies and
comment on preliminary results and reports. This arrangement has provided a strong
scientific and engineering basis for the interpretations utilized for SONGS

Recent studies of seismic hazard in the central and eastern United States (CEUS) have
been completed by the Electric Power Research Institute, funded by the Seismicity
Owners Group (EPRI/SOG) [3-2], and by the Lawrence Livermore National Laboratory
(LLNL), funded by the U.S. Nuclear Regulatory Commission [3-3] These studies
represent major efforts to characterize the seismic hazard for nuclear power plants in
the CEUS and use the most recent, up-to-date understandings of seismicity and ground
motion relations to the region. Also, Pacific Gas and Electric Co [3-4] performed a
major study of seismic hazard at the Diablo Canyon Power Plant in California

3-6
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specifically to incorporate alternative hypotheses on tectonics, seismicity, and ground
motion values into the decision process regarding seismic hazards

A general description of faults, area sources, and parameters that expresses
quantitative uncertainties in interpretations (although such a description is being
developed by the Southern California Earthquake Center) is not available for southern
California. Therefore, a description of this type was developed by Geomatrix
Consultants, Inc., treating earthquake occurrences both on faults and in area sources
(where specific faults have not been identified). Following the methodology of the other
studies indicated above, multiple interpretations are considered for faults and area
sources in order to characterize uncertainty in the seismic hazard that results from
uncertainty in earthquake characteristics.

SONGS is located at |atitude 33 369° north and longitude 117 554° west Structures at
the site are founded on stiff soils overlying bedrock. Mathematical functions describing
earthquake ground motion dependence on magnitude and distance in southern
California were derived by Woodward-Clyde Consultants, Inc. These functions were
used to describe ground motion, its randomness, and its uncertainty. Consistent with
other state-of-the-art seismic hazard studies, these functions are used to derive the
distribution of seismic hazard for spectral accelerations (S,) at frequencies from 0.5 Hz
and above Hazard spectra are shown to be constant to demonstrate typical spectral
amplitudes and shapes that are appropriate for earthquake ground motions of interest.

311 METHODOLOGY

This section describes the methodology used to calculate seismic hazard in a general
way. Specific inputs to the methodology are described in subsequent sections.

State-of-the-art seismic hazard studies calculate ground-motion exceedence
probabilities using earth-science hypotheses about the causes and characteristics of
earthquakes in the region being studied. Scientific uncertainty about the causes of
earthquakes and about the physical characteristics of potentially active tectonic features
lead to uncertainties in the inputs to the seismic hazard calculations. These
uncertainties are quantified using the tectonic interpretations developed by earth
scientists familiar with the region. These experts evaluate the likelihood of the seismic
hazard associated with alternative tectonic features and with alternative characteristics
of these potential sources

These and other uncertainties (e g., ground motion attenuation equations) are carried
through the entire analysis. The result of the analysis is a suite of hazard curves and
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their associated weights These curves quantify the seismic hazard at the site and its
Jncertainty.

31.1.1 Basic Seismic Hazard Model

The methodology to calculate seismic hazard at a site is well e stablished in the
literature [3-5 3-6 3-7 3-8 3-9] Calculation of the hazard requires specification of three
inputs

1 Source geometry: the geographic description of the seismic source. A
seismic source is a portion of the earth's crust, associated with a fault, with
a concentration of historic seismicity, or with a specific tectonic feature
(other than a fault), that may be capable of producing earthquakes
Source geometry determines the probability distribution of distance from
the earthquake to the site: fo(r).

2 Seismicity. the rate of occurrence v, and magnitude distribution f,,,(m) of
earthquakes occurring in each source /. Magnitude is usually
characterized by the moment magnitude scale M in California and the
Rocky Mountain region, and by the body-wave magnitude m, in the central
and eastern U S. (CEUS).

3 Attenuation functions: a relationship that allows the estimation of ground
motion at the site as a function of earthquake magnitude ana distance,
incorporating known effects of surficial soils on seismic motions

These inputs are illustrated in Figure 3.1-1, parts a through ¢ Figure 3.1-1a shows the
geometry of a seismic source. From the source's geometry, f,,(r) can be derived. The
density function on magnitude fy,(m) is often specified as the doubly truncated
exponential distribution for area sources and the characteristic magnitude distribution
for faults, as illustrated in Figure 3.1-1b [3-10]. The characteristic magnitude distribution
has a “hump” for the seismicity in the higher magnitude range. Seismicity for a source
with the exponential magnitude distribution is completely specified by the minimum
magnitude m, and parameters a and b. Parameter a is a measure of seismic activity, b
is a measure of relative frequency of large versus small events, and log[v , f,,,(m)] is
proportional to @ + b m for m, <m <m,,, For the characteristic magnitude distribution,
it 1Is necessary to additionally specify the "characteristic” part of the distribution, i e, the
magnitude range of earthquakes that act in a characteristic way and the annual rate of
occurrence of magnitudes in that range
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The ground motion is modeled by an attenuation function, as illustrated in Figure 3.1-1¢
Attenuation functions are usually of the form In[A] =f(M,R) + €, where A is ground-motion
amplitude, M is magnitude, R is distance, and € is a random variable that represents
scatter. The attenuation function is used to calculate

Gam.(@%) = P[A>a¥m,r]

which is the probability that the ground-motion amplitude is iarger than a* for a given M
and R. The seismic hazard over all sources is calculated as a summation

PI[A>a*intimet]= ) v, [l PIA > @*|m, ] f ye(M) f reyem dM dr (3-1)
t

in which the summation is performed over all seismic sources | and in which the
probability is calculated per unit time.

3.1.1.2 Tectonic and Seismicity Interpretations

The specification of potential sources of future earthquakes is the first step in the
evaluation of earthquake hazards. Seismic sources indicate where earthquakes may
occur. Analysis of historical seismicity within those defined sources indicates the
probabilities of occurrence and characteristics of future earthquakes (i.e , a magnitude
distribution is derived from historical data within the source once the source is defined).

A seismic source is by definition a fault or area with a single probability of being active,
a single magnitude distribution, and a single distribution for maximum magnitude
Within a seismic source the seismicity is usually taken to be spatially homogenous (i.e.,
earthquakes are assumed to be equally likely to occur at any location within the source)
Some studies (e.g ., the EPRI/SOG study) use spatially-varying seismicity, but this
generalization was not adopted

In general, seismic sources are defined based on faults, tectonic features, or other
evidence (inciuding, in some cases, merely a spatial cluster of historical seismicity)
Because of this derivation there is, conceptually, some causal association of
earthquakes within a source: they are releasing crustal stresses of the same orientation
and amplitude, and/or they are caused by slip on faults with the same general depth,
orientation, and sense of slip. Because of these similarities the delineation is consistent
with the seismic source definition with regard to maximum magnitude and probability of
activity
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3.1.1.3 Seismicity Parameters

Seismicity parameters for earthquake sources are estimated using the rate of tectonic
slip for active faults, and using historical seismicity for area sources. The rate of slip on
faults is important because multiple methods of estimation can be applied, including
measured offsets of datable horizons, crustal strain measurements or inferences,
mechanistic tectonic block models of crustal plates, and paleoseismicity studies. For
area sources, earthquake catalogs are analyzed to collect all seismic events that have
occurred within each source. For each magnitude level, periods of completeness are
picked and the rate of occurrence for that magnitude level is caiculated as the number
of events divided by the time of complete observation. These data are then fit using the
maximum-likelihood procedure to obtain estimates of a and b [3-11]

When the characteristic magnitude distribution is used, the rate of occurrence of events
with the characteristic size must generally be estimated using data other than historical
seismicity. This is the case because there are few places in the U.S. where a sufficient
number of cycles of seismicity have been observed historically to calculate a rate of
characteristic events from observations. For some faults (e.g , the San Andreas),
paleoseismic evidence gives some indication of the rate of occurrence of the
characteristic earthquakes.

Maximum magnitude distributions are estimated using a combination of techniques [3-
12, 3-13). Among these are fault length-magnitude relations, comparison with other
regions of similar characteristics, consideration of geophysical characteristics that relate
to m,... . @nd consideration of the amount of information known about the region under
consideration. Ultimately the choice of m,,,, distribution should be made by analysts
familiar with the region,

The choice of minimum magnitude m, is based on the characteristics of small
earthquakes (i.e , on how damaging are the ground motions associated with these
earthquakes), analysis of structural response for the facilities being studied, and field
observations of structural performance during low-intensity ground motions. Convention
in current studies is to use a moment magnitude of 5.0 for m,, which is supported by
studies of the damage ability of ground motions from small magnitude earthquakes
References [3-14, 3-15). These studies were made for generic nuclear power plant
structures and equipment, and there is no reason to believe that they would not be
applicable to SONGS

-10
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3.1.1.4 Ground Motion Attenuation Equations

Equations estimating seismic ground motion are required for the seismic hazard
calculations. These are selected using ground motion studies conducted in the region,
available strong motion and seismological data, and inferences from characteristics of
earthquakes Equations are selected for all measures of interest for the study, which
are spectral accelerations (S,) corresponding to 5% damping for frequencies of 0.5 Hz
and above Ground motion estimates exhibit randomness and the standard assumption
in seismic hazard analyses is to characterize the randomness using a log normal
distribution with a specified standard deviation of In[ground motion] Typically, the value
Of O | greund moton) VAri€S as a function of structural frequency and it may also vary with
magnitude of the earthquake

3.1.1.5 Calculations

Equation 3-1 is formulated using the assumption that earthquakes (most particularly,
successive earthquakes) are independent in size and location. In all seismic hazard
applications, primary interest is focused on computing probabilities for high (rare)
ground motions. As a result, the probability of two exceedences in time t is negligible
The same argument holds when considering hazard at a site from multiple sources.
Thus. the summation on the right side of Equation 3-1 -- which is the rate of
earthquakes with A > a* -- is a good approximation to the probability of exceeding
amplitude a* in time t This is why Equation 3-1 is an approximation (but an accurate
one), not a strict equality

The calculation of hazard from all sources is performed for multiple values of a* in order
to generate the hazard curve, which gives the annual probability of exceedence as a
function of a* This calculation is performed in the current study for six different
measures of ground motion: S, at the frequencies of 25, 10, 5, 2.5 1, and 0.5 Hz, all at
5% damping

31.1.6 Treatment of Uncertainty

State-of-the-art seismic hazard studies distinguish between two types of variability.
randomness and uncertainty. "Randomness” is the probabilistic variability that results
from natural physical processes. The size, location and time of the next earthquake on
a fault and the details of the ground motion are examples of random events. In concept,
these elements cannot be predicted even with collection of additional data, so the
randomness component of variability is irreducible. The second category of variability is
"uncertainty” which is the statistical or modeling variability that result from lack of
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knowledge about the true state of nature. In principle, this variability can be reduced
with the collection of additional data

These two types of variability are treated differently in advanced seismic hazard studies,
as follows Integration is carried out over probabilistic variabilities to get a single hazard
curve (as indicated by Equation 3-1). Modeling uncertainties are expressed by multiple
assumptions, hypotheses, or parameter values.

There are uncertainties associated with each of the three inputs to the seismic-hazard
evaluation, as follows:

. Uncertainty about seismic sources and faults (1. ., what tectonic features in a
region are actually earthquake sources) arises because there are multiple
hypotheses about the causes of earthquakes and because there is incomplete
knowledge about the physical characteristics of tectonic faatures. Uncertainty
may also arise about the geometry of a seismic source

. Uncertainty in seismicity is generally divided into uncertainty in maximum
magnitude and uncertainty in seismicity parameters v and b Uncertainty about
m,... the maximum magnitude that a given source can generate, arises for the
same reasons described above Estimates of m,,, are obtained from physical
characteristics of the source and from historica! seismicity. Uncertainty in
seismicity parameters v and b arises from statistical uncertainty and from
uncertainty about the accuracy of various catalogs of historical seismicity
available with which to estimate parameters. For the characteristic magnitude
distribution, additional uncertainties are the magnitude range of the characteristic
event and its annual rate of occurrence

. Uncertainty in the attenuation functions arises from aiternative hypotheses about
the ground motion characteristics associated with earthquakes This uncertainty
often is large, particularly in areas where few direct recordings of strong motion
are available.

These multiple interpretations are used to calculate alternative seismic hazard values
according to Equation 3-1, resulting in a suite of hazard curves The weight assigned to
each seismic hazard curve is calculated from the probabilities given to each of the
uncertain inputs used to calculate it; the final weight is calculated as the product of the
probabilities of the input variables. From the suite of hazard curves, each with an
associated weight, fractile curves or a mean seismic hazard curve are derived
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In order to organize and display the multiple hypotheses, assumptions, parameter
values and their possible combinations, a logic tree approach is used in this study
Logic trees are a convenient means to express alternative interpretations and their
probabilities. Each node of the logic tree represents one source of uncertainty. The
branches emanating from one node represent possible alternative values of a
parameter. The probability assigned to a branch represents the likelihood of the
parameter value associated with that branch, and these parameter values (and
probabilities) may depend on values of the preceding parameters

The logic tree in Figure 3.1-2 illustrates the treatment of parameter uncertainty. There
is one hazard curve associated with each terminal node; this hazard curve corresponds
to certain sources being active, each active source having a certain m,,, and certain
seismicity parameters, and a certain attenuation function being the "correct” attenuation
model The probability associated with that end branch is the product of the
probabilities of all branches traversed to reach that end branch

Logic trees are a convenient way of organizing the uncertainties incorporated into a
seismic hazard analysis and of documenting them as weli

3.1.1.7 Summary of Methodology

Probabilistic seismic hazard analysis requires as input a delineation of seismic sources,
a specification of seismicity characteristics for those sources consisting of magnitude
distributions and associated parameters, and a selection of ground motion attenuation
equations for the region of interest. In concept all possible earthquakes in the region
are modeled as are the associated ground motions. Uncertainties in active faulting,
areal sources, characteristics of seismicity, and ground motion are incorporated
explicitly as multiple alternative hypotheses The effects of these uncertainties are
represented as uncertainty in the hazard curves, and sensitivity studies show the
influence of each input uncertainty on the resulting calculated hazards. Thus the hazard
analysis is an overall methodology that can represent both randoimness and uncertainty
in earthquake occurrences, characteristics, and ground motions, for the purpose of
decision-making regarding seismic risk mitigation
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312 SUMMARY OF INPUT DATA

3.1.2.1 Seismic Sources

This section summarizes the seismic sources used for calculation of the seismic hazard
at SONGS. The seismic sources were delineated by Geomatrix Consultants, Inc , and
are documented in detail in Reference [3-1]

Figure 3.1-3 shows the active faults identified as possible sources of earthquakes in
southern California, and Figure 3.1-4 indicates the area sources in the vicinity of
SONGS that were used to represent seismicity that occurs away from known faults. All
of these sources were investigated to determine their poss:ble contribution to the
seismic hazard at SONGS

To analyze historical seismicity, Geomatrix defined corridors arounu each fault, as
shown in Figure 3.1-5. This allowed historical seismicity to be collected around each
fault, for comparison of observed rates of activity to rates predicted from fault slip rate
and the characteristic earthquake model. These corridors also allowed seismicity to be
assigned to the identified faults, so that the remaining historical seismicity could be
modeled using the area sources (Figure 3.1-4)

3.1.2.2 Seismicity Parameters

To derive seismicity parameters for the faults and area sources shown in Figures 3 1-3
and 3.1-4, three earthquake catalogs were used. The first is the catalog of Elisworth
[United States Geological Survey (USGS)], who studied all events with M > 6 and
determined epicentral locations and magnitude estimates. The second catalog was
obtained from the Nationai Oceanic and Atmospheric Administration, and includes
earthquakes in southern California prior to 1832. The third catalog was obtained from
the California Institute of Technology; it includes events in southern California in 1932
and later years These three catalogs were combined, with the Ellsworth locations and
magnitudes given preference over those from the other two catalogs because he has
studied earthquakes with M>6 in California and synthesized location and magnitude
estimates from other sources. A plot of the epicenters in the catalog is shown in Figure
3.1-6. Within each catalog, instrumental magnitudes and intensities were used to
characterize each event. Each of these were converted to a consistent magnitude
measurement M, or moment magnitude. The Gutenberg and Richter method [3-19] was
used to convert MMito M: M = 1 + 2/3 MMI. The instrumental magnitudes were
converted to M using equations derived from a graph by Boore and Joyner [3-18] A
total of 13,844 events with M>3 are present in the catalog
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Seismic hazard is calcuiated for mainshocks only (this is a common elemeni cf the
EPRI/SOG, LLNL. and PG&E studies, for example). The use of mainshocks only is
standard in seismic hazard analyses and allows these results to be compared on a
consistent basis to seismic hazard results produced for other nuclear plant sites. To
identify aftershocks and other dependent events, the algorithm of Reasenberg (1985)
was adopted and applied to the southern California catalog This resulted in 7,051
events being identified as aftershocks or other dependent events; these are plotted in
Figure 3.1-7. The remaining 6,793 mainshocks are shown in Figure 3.1-8

For both the fault corridors and the area sources described in the Section 3.1.2 1, an
analysis was conducted to determine rates of activity and b-values for each seismogenic
zone. This analysis proceeded with the following steps

1. For each seismogenic zone, determine earthquakes that fall within the
boundaries of that zone.

2 For specitic magnitude ranges, adopt the times of complete reporting
described by Engdahl and Rinehart [3-17], and determine the number of
earthquakes observed in that magnitude range over the time of complete

reporting.

3 Use the maximum-likelihood procedure of Weichert [3-11] to calculate an
activity rate and b value for seismicity in the zone

For these calculations, preliminary estimates of the upper-bound magnitude were used,
this is sufficient because the calculated activity rates and b-values are insensitive to the
choice of M,,,, value.

The calculated historical rates of activity were used in two ways. For the faults,
seismicity within the fault corridors was compared to the rate of activity predicted using
fault slip rate, as determined by Geomatrix [3-1] Figure 3.1-S indicates the historical
seismicity and maximum-likelihood fit for Newport-Inglewood-Southern California
Offshore Zone of Deformation (SCOZD) fault zone. Reference 3-1 contains the figures
for the other faults that were considered.

It is important to note the methodology used to obtain the seismicity in the blind thrust
regions. Los Angeles Basin Sources A and B seismicity counts were obtained after the
extraction of events by other regions. No detailed study was done to correlate
earthquakes to fault or blind thrust
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Also shown on the figure is the predicted seismicity rates using the fault slip rates, as
documented in Reference [3-1] by Geomatrix. This predicted seismicity assumes a
characteristic magnitude model. The comparison indicates that historical seismicity is
generally within the range of the predicted rates of activity derived from the slip rate
model, some faults indicate higher rates of activity historically, and some lower.

For area sources, the historical seismicity was used to estimate rates of activity and
b-values for seismic hazard calculations For these area sources the seismicity
associated with the fault corridors was first removed, so that it would not be double
counted in estimating the rates of activity.

Table 3.1-1 summarizes the mean seismicity parameters for faults and area sources, as
derived from slip rate for the faults and from historical seismicity for the area sources
Uncertainty in rates, b-values, and M,,, were incorporated into the hazard analysis;
detaiis of the uncertainty distributions for faults are documented in the Reference [3-1]
and the area sources are shown in Tabie 3 1-2

3.1.2.3 Ground Motion Attenuation Functions

This section summarizes the ground motion attenuation equations used to estimate
ground shaking at SONGS as a function of earthquake magnitude and distance Details ‘
of the functions by Woodward-Clyde Consultants are given in Reference [3-1)

Five horizontal attenuation equations were evaluated based on comparisons of the five
equations with strong motion data. All five equations estimate ground motion at the
surface of a stiff soil column, and therefore are appropriate to use directly to estimate
seismic hazard for SONGS. The equations are identified in Table 3 1-3.

Weights were assigned to the equations based on how well they fit a strong motion data
set representative of southern California. The assigned weights are indicated in Table
3.1-3, and details of the comparisons are given in Reference [3-1] Table 3.1-3 also
indicates how the standard error varies (with frequency T and, in some cases,
magnitude M) Specific values of the standard error are described in Reference [3-1]

These equations were used in the seismic hazard analysis as mutually-exclusive
alternatives. That is, if one equation applied to a particular fault or area source, it also
applied to all others. Weights used in the hazard analysis are shown in Table 3 1-3

Reference [3-1] shows residuals (observed minus predicted values) for the five
attenuation equations and the data set used for comparison There is some indication
that the median residual tends to be negative (1.e., indicates over prediction) for spectral
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response. To the extent that this is the case, the resulting seismic hazard curves will be
conservative

in addition to the horizontal equations, one vertical attenuation equation (Campbell,
1990) was used to obtain a spectral shape for vertical ground motions. Details of this
function are given in Reference [3-1) and the calculated spectral shapes are presented
in Section 3.1.3

TABLE 3.11
MEAN VALUES OF SEISMICITY PARAMETERS
FOR FAULTS AND AREA SOURCES

Vso b-value M, !
Coronado Fault 0.0439 0.80 7.01
Elsinore Fault 0.0854 0.8C 6.95
Newport-inglewood Fault 0.0065 0.80 674
Newport-inglewood- 0.0236 0.80 686
SCOZD Fault Zone
Palos Verdes Fault 0.0385 0.80 6.81
Rose Canyon Fault 0.0132 0.80 6 66
Rose Canyon-SCOZD Fault Zone 0.0207 0.80 6.79
San Andreas Fault 0.2463 0.80 763
San Diego Fault 0.0103 0.80 714
San Jacinto Fault 0.1615 0.80 7.06
Santa Catalina Fault 0.0103 0.80 €.84
LA Basin Source A 0.0090 0.80 6.16
LA Basin Source B 0.0065 0.80 6.60
Central Los Angeles Basin source 0.0053 1.02 6.1
Central Los Angeles Basin and 0.0117 1.03 6.0
Peninsular Range source
Peninsular Ranges source 0.0064 1.03 6.0
Offshore Basin source 0.0038 0.83 6.0

Note: v ., is thz annual raie of earthquakes withM > 5.0
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TABLE 3.1-2
DISTRIBUTION OF VALUES OF SEISMICITY PARAMETERS
FOR AREA SOURCES

Vo, b-value
‘ ) ight
Central Los Angeles Basin 0.0221 6935 0278 55 2
source 0.0171 6935 19111 6.0 o
00121 6935 0278 6.5 4
0.0069 1.0229 1111
0.0053 1.0229 4444
0.0037 1.0229 1111
0.0021 1.3523 0278
0.0016 1.3523 1111
0.0012 1.3523 0278
Central Los Angeles Basin and 0.0307 8054 0278 - 2
Peninsular Range source 0.0257 8054 111 60 6
0.0208 2054 0278 6.5 2
0.0139 1.0267 A111
0.0117 1.0267 4444
0.0095 1.0267 1111
0.0063 1.2480 0278
0.0053 1.2480 1111
0.0043 1.2480 0278
Peninsular Ranges source 0.0236 7309 0278 55 2
0.0186 7309 111 6.0 6
0.0135 7309 0278 65 2
0.0081 1.0297 1111
0.0064 1.0297 4444
0.0047 1.0297 1111
0.0028 1.3285 0278
0.0022 1.3285 imMm
0.0016 1.3285 0278
Offshore Basin source 0.0282 3553 0278 855 2
0.0182 3553 111 6.0 6
0.0083 3553 0278 65 2
0.0059 8266 1111
0.0038 8266 4444
0.0017 8266 111
0.0012 1.2979 0278
0.0008 1.2979 1111
0.0004 12979 0278
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TABLE 3.1-3
WEIGHTS OF ATTENUATION EQUATIONS

. Attenuation Relationship | : : !
Idriss Stiff Soil Site 015 f(M.T)
Abrahamson Soil Site 0.20 fMT)
Sadigh Soil Site 0.20 f(MT)

Boore, Joyner and Fumal Average Site 0.25 f(T)
ClassB&C
Campbell Soil Site C.20 f(T) for SA

M.T) for PGA |

3.13 SEISMIC HAZARD RESULTS AND SENSITIVITIES

The seismic hazard results are presented in this section. These results were obtained
with the computer program FRISK88M, which incorporates uncertainties in inputs to
seismic hazard analyses and produces explicit hazard curves for each combination of
uncertain parameters. The calculations are equivalent to the calculations performed
under other modern seismic hazard studies (e g , EPRI/SOG, LLNL, and PG&E),
including the effect of fauit rupture length and three dimensional geometry.

Figures 3.1-10 through 3.1-13 illustrate, by seismic fault, the annual probability of
exceeding a given spectral acceleration (S,) at a frequency of 10 Hz. As would be
expected, the hypothesis of a nearby active faulit (either connected to the
Newport-inglewood-SCOZD or the Rose Canyon-SCOZD faults) dominates the hazard
for the larger ground motions (S,>0.15g). At lower ground motions the San Andreas,
Elsinore, and San Jacinto faults contribute most to the hazard (Figure 3.1-10). The
hazards from other faults and area sources are plotted on Figures 3.1-11 through 3.1-13
to improve the readability of the plots. The area sources (Figure 3.1-14) do not
contribute to much of the hazard compared to the faults

The sensitivity to attenuation equation is shown in Figure 3.1-15 for S, (10 Hz) for the
Rose Canyon fault. This is a small contributor to the t~tal uncertainty at low ground
motions, but is a moderate contributor at the higher accelerations
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Sensitivities to seismicity parameters are illustrated as follows

Sensitivity to slip rates Figures 3 1-16
Sensitivity to b-values Figures 3.1-17
Sensitivity to deptir: Figures 3.1-18
Sensitivity to M, - Figures 3.1-19

All of these sensitivities are shown for the Rose Canyon-SCOZD fault, for S, (10 Hz)
The sensitivity to slip rate (Figure 3.1-16) ‘ndicates an important contribution of slip rate
uncertainty to the hazard uncertainty. As expected, a change of a factor of 3 in slip rate
(total range) results in a factor of 3 change in seismic hazard. Changes in b-values do
not result in much change in hazard, and this is illustrated in Figure 3.1-17, where all
three parametric estimates resulted in essentially the same hazard curve. The total
depth of the seismogenic zone has a moderate influence on seismic hazard (Figure 3.1-
18), with a 15 km depth resulting in 50% more earthquakes (and 50% more hazard) than
a 10 km depth. Finally, sensitivity to M., indicates a strong importance (Figure 3.1-
19). A common seismic hazard result is seen in these plots, which is that a higher value
of M., results in lower hazard. The reason is that fault activity is characterized by slip
rate. For a fixed value of slip rate, a lower value of M_,, means that more earthquakes
must occur (vmust be higher) to cause that slip rate, and this higher value of vcauses
higher seismic hazard.

Figure 3.1-20 shows the total hazard for all faults and area sources, with uncertainties
caused by uncertainties in attenuation equations and seismicity parameters. The plot is
for an average S, between 1 to 10 Hz. The uncertainty in annual probability of
exceedance is lower than typical uncertainties in the central and eastern U S. This
reflects the greater knowledge about faults and activity in southern California.

The hazard results are presented in a different format in Figures 3.1-21 and 3.1-22.
These are fractiles of spectra for frequencies of 25 to 0.5 Hz for annual probabilities of
1.4x10* and 1.7x10®. These probabilities were chosen because they approximately
correspond to the annual probabilities of exceedence for the SSE spectrum (anchored
to PGA = 0.67g) and the 2xSSE spectrum (anchored to 1. 34g) Figure 3.1-23 shows
mean spectrz for annual probabilities of exceedence of 1 4X10“ and 1. 7X10% The
numerical vaiues for these spectra are shown in Table 3 1-4.
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HORIZONTAL GROUND MOTIONS AT VARIOUS PROBABILITIES OF EXCEEDENCE

Probability S,(25Hz) | S,(10Hz) | S,(5Hz) | S,(25Hz) | S,(1Hz) | S,(05Hz)
1E-08 mean 2712 5315 6.962 6.816 4938 2.109
median 2 002 3 050 4132 4 049 3727 1913
1E-5 mean 1.198 2157 3.044 2714 1550 858
median 1.072 1.913 2662 2 491 1526 832
2E-5 mean 1.071 1919 2696 2 443 1376 758
median 973 1726 2415 2 266 1.368 736
1E-4 mean 795 1.402 1.964 1.799 1.007 543
median 730 1.311 1804 1.963 1018 528
2E-4 mean 674 1195 1652 1542 857 448
median 630 1.129 1544 1467 866 446
1E-3 mean 423 729 1029 985 544 283
median 400 710 976 952 548 278
2E-3 mean 334 552 783 755 423 221
median 320 531 750 733 431 217
1.715X10*® mean 1516 2813 3972 3461 2 060 1128
(2xSSE) median 1293 2384 3.280 3.034 1.933 1.081
1.386X10* mean 735 1.301 1810 1673 934 522
(SSE) median 681 1.227 1676 1583 945 507
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The mean magnitude M and distance R that cause exceedences of ground motions at
specified amplitudes were also investigated to gain an understanding of the
characteristics of earthquakes that dominate the seismic hazard These parameters
were calculated for both 10 Hz and 1 Hz motions, and for several amplitudes Table
3.1-5 shows the calculated values and how they vary with structural frequency and
amplitude. The choice of amplitudes was made to obtain results for hazards at
approximately 1.4X10* and 1 7xI0® annual probability of exceedence

As indicated by the Table 3.1-5, the mean magnitude M increases for higher levels of
shaking

TABLE 3.1-5
MEAN MAGNITUDE VERSUS PSA
R (km
9.3
SSE 1 Hz 1 7.0 17.0
2xSSE 10 Hz 3 6.9 87
2xSSE 1 Hz 2 7.2 20.2

Vertical Ground Motions

The attenuation of vertical component ground motion has not been studied as
extensively as the horizontal component. As a result, there is only one applicable
vertical attenuation relation for spectral values that has been published. Campbell
(1990). Unlike the horizontal component, for which 5 different attenuation mndels were
used in the hazard analysis, the vertical attenuation is represented only by the Campbell
(1990) model.

Figure 3.1-24 shows the uniform hazard spectra at the SSE level acceleration at 5%
damping for the vertical ground motions. The peak spectral acceleration occurs at 10
Hz. The uncertainties represented by the 85th and 15th fractiles are relatively small
because only one attenuation equation is used to predict the ground motion. The
numerical values for the mean are contained in Table 3.1-6

The Campbell (1990) model for vertical spectral values has very large standard errors
for the high frequency (e g, 10 Hz) response spectra. This large standard error at 10
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Hz has an impact on the high frequency spectral shape for the 2xSSE level. The
vertical spectral shapes (normalized over 1-10 Hz) from the hazard study are shown in
Figure 3.1-25 There is a significant difference in the spectral shapes between the SSE
and 2xSSE levels.

TABLE 3.1-6
MEAN VERTICAL GROUND MOTIONS AT SSE LEVEL
PROBABILITIES OF EXCEEDENCE

1 Hz 439
25Hz 783
5 Hz 1.312
10 Hz 1.544
25 Hz 845

* Vertical S, levels were chosen at an annuai probability level of 1.386X10*,
corresponding to the horizontal SSE.

This difference in the spectral shapes is primarily due to the standard errors in the
Campbell (1990) model. To demonstrate this, a simplified analysis was conducted
computing the hazard for the SCOZD only. (The SCOZD dominates the high frequency
hazard at the SSE and 2xSSE levels at the site )

An attenuation relation for the vertical component for rock sites was developed by
Sadigh et al (1993). This model presented standard errors that were developed for
both soil and rock sites as is commonly done in developing attenuation relations. (For
example, the Sadigh (1994) model used for the horizontal component uses standard
errors that were developed from a combined set of soil and rock data, but with different
median attenuation relauons for soil and rock sites.) Therefore, the vertical component
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standard errors developed by Sadigh et al (1993) are applicable to soil sites as well as
rock sites. Since this model is based on a much larger data set than Campbell (1990)
the standard errors should be more accurate (and more stable) These standard errors
are compared to the Campbell (1990) standard errors in Figure 3 1-26  Preliminary
results of new attenuation relations for the vertical component by Abrahamson and Silva
(1995) have found standard errors for the vertical component that are similar to the
Sadigh et al values

To test the sensitivity of the spectral shapes at the SSE and 2xSSE levels to the
standard errors, the hazard from the OZD was computed using the Campbell (1990)
median attenuation relation with two different standard error models. In the first case
the standard errors published by Campbell (1990) are used. in the second case the
Sadigh et al (1993) standard errors for the vertical component are used

The resulting spectral shapes at the SSE level are shown in Figure 3 1-27 for the full
hazard analysis, and for the two simplified analyses The simplified analyses give
27

similar spectral shapes as the full hazard analysis (Figure 3.1-27) indicating that it is
reasonable to use the simplified analysis for this sensitivity study

The comparison of the spectral shapes at the 2xSSE level is shown in Figure 3 1-28
Using the Sadigh et al standard errors, the spectral shapes for the 2xSSE level is simila
to the spectral shape for the SSE level

Based on this comparison, the vertical spectral shape for the SSE level computed in the
nazard analys!s is used for both the SSE and the 2xSSE levels

314 SEISMIC HAZARD SUMMARY

The seismic hazard results represent the annual frequency of exceedence of various
ground motion levels at SONGS, and the uncertainty in the annual frequency of
exceedence. These results are represented as a family of fractile seismic hazard
curves, and as uniform-hazard spectra corresponding approximately to the SSE and
2xSSE levels. The uncertainties in hazard are derived from uncertainties of input
assumptions regarding seismic sources, seismicity parameters, and ground motion
attenuation equations. Thus, the analysis performed for SONGS is state-of-the-art
because It Incorporates and presents uncertainties in the major factors affecting seismic
hazard in the region around the site

The tectonic interpretations and seismicity parameters were derived by Geomatrix
Consultants, Inc. They consist of faults and area sources in southern California that
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miaht contribute to hazard, and the parameters defining those sources (slip rate
ues, geometry, and maximum magnitude) For area sources, an analys:s of
rical seismicitv was conducted to establish rates of activity and b-values

Attenuation equations were derived by Woodward-Clyde Consultants. Five equations
were selected to estimate spectral velocity at 25, 10, 5 2.5, 1, and 0.5 Hz These were
weighted by comparing the predictions to observations of strong motion in southern
California and determining the goodness of fit. All five equations predict ground motion
on stiff soil, which is appropriate for application at SONGS

The methodology in this study follows closely that used in other state-of-the-art studies
of seismic hazards at nuclear plant sites in the U S. The derivation of seismic sources
is specified by the earth science experts; an analysis of historical seismicity i1s
performed to aid in estimation of seismicity parameters, and all relevant theories and
data on earthquake causes and characteristics in southern California were examined
and incorporated into the interpretations

This study used three teams to develop the seismic hazard results, one for attenuation
equation, one for seismic source descriptions, and one for integration and hazard
calculations. In addition, an expert review panel was assembied and has provided
feedback during the entire project, including reviews of intermediate results and reports

and the final report. Thus, the resulits presented here have a strong basis and are
appropriate for use in the IPEEE PRA for SONGS. Regarding the analysis of
earthquake data, an extensive evaluation of the earthqual«e catalogs used in this study

“

and described in Section 3.1.2.2 was not conducted to address issues such as the

accuracy of specific event locations and magnitudes, the conversion of intensity to
magnitude, and the completion of earthquake coverage represented by the catalogs
The available catalogs have been scrutinized closely (e g., by Ellsworth of the USGS)
and it is appropriate to use these data bases as presented. The catalogs have simply
been accepted and used with their listed values of magnitude and location. Similarly
the specific soil conditions at SONGS have not been modeled in detail with the ground
motion attenuation equations adopted here The attenuation equations use generic
factors to estimate the dynamic response of stiff soils.  Site-specific studies of soil
response under earthquake loads might yieid results difterent from those used here
with a corresponding effect on the hazard results. Also as pointed out regarding the
comparison of predictions and data in Reference [3-1], there is an apparent tendency for
the attenuation equations to slightly over-predict spectral response, which if correct
would result in the hazard values reported here being slightly conservative
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3.2 PLANT INFORMATION AND SELECTION OF SYSTEMS AND EQUIPMENT
321 METHODOLOGY AND REVIEW PROCESS

This section describes the seiection of seismic events, systems, structures, components
and relays used in the seismic IPEEE. The evaluation of seismic relay chatter is also

described

Selection of Seismically-Induced Events

The strong ground motion of a seismic event may challenge the plant and cause a
secondary event that disrupts normal plant operating conditions. These secondary
seismically induced events include initiating events identified in the IPE (such as
uncomplicated reactor trip, loss of offsite power, LOCA, steam generator tube rupture
steam line break, etc.) These secondary events also include seismic-induced fires and
floods Seismic-induced fires and floods are addressed in Section 3.3.4

Based on seismic fragility walkdowns and/or seismic capacity calculations, most of the
IPE initiating events were screened based on high capacity with very low likelihood of
fallure. Events and components were screened from further analysis if the likelihood of
the seismic-induced event or seismic-induced failure of a component is iess than
1E-7/year. To assess the approximate fragility which corresponds to the screening
criteria, EQESRA (seismic quantification code) was run with the SONGS 2/3 seismic
hazard curve. After several sensitivity runs, it was determined that the screening
fragility was approximately 8 gSA depending on the uncertainty factors (Bg, By)
Components with fragilities in the range of 7-10 gSA were individually evaluated to
determine if seismic-induced failure is less than 1E-7/year. Table 3 2-1 lists the IPE
initiating events and their potential to be seismically induced

Events such as uncomplicated reactor trip, loss of offsite power and smail LOCA
however, could not be screened. All front-line and support systems necessary to
mitigate the impact of these remaining seismic-induced events were modeled in the
seismic went tree. The purpose of the seismic event tree is to identify and quantify
sequences where seismic failures lead to either 1) core damage or 2) degraded plant
states. The degraded plant state sequences are transferred to the appropriate IPE
event trees to identify and quantify additional non-seismic random failures which would
lead to core damage. The SONGS 2/3 seismic event tree is detailed in Figure 3 6-2

Containment bypass events were also examined. Potential bypass sequences such as
interfacing systems LOCA, catastrophic failure of the reactor pressure vessel and
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steam generator were also considered. Based on seismic fragility walkdowns, these
sequences have been screened based on high component capacities

TABLE 3.2-1

IPE INITIATING EVENTS INCORPORATED INTO THE IPEEE

IFE Initiating Events

Disposition

Turbit e Trip

Assumed to occur given a loss of offsite power.

Los< of Power
Conversion System

Assumed to occur given a loss of offsite powe

(MFW or Condensate

System)

ATWS Included in IPEEE

Loss of Offsite Included in IPEEE

Power/SBO

MSLB/FLB Fragility assessment verified that MFW/AFW & steam lines are

seismically rugged. Therefore, these events are screened from further
analysis.

Medium and Large
LOCA

Fragility assessment verified that reactor coolant system piping and
associated RCS components are seismically rugged. Therefore, these
events are screened from further analysis.

Small & Small-Small
LOCA

Include in IPEEE

SGTR

Fragility analysis verified that the SG and internals are seismically
rugged. Therefore, SGTR is screened from further analysis

Interfacing Systems
LOCA (including SG,
RCS failure)

Fragility assessment verified that low to high pressure systems
interacting with the RCS are seismically rugged. Therefore, ISLOCA is
screened from further analysis.

Reactor Pressure

Vessel Rupture

Fragility assessment verified that the reactor vessel is seismically
ruggsd Therefore, vesse! rupture is screened from further analysis
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Selection of Seismic Equipment

To assess the seismic fragility of the mitigating safety systems, the associated
components and structures were identified and placed on the seismic equipment [ist
(SEL). The SEL is provided in Section 3.11.1. Additional guidelines [3-24] used to
develop the SEL are listed below:

1. All front line safety systems and support systems are included in the SEL
Buildings and structures are evaluated with the system.

2 Check valves and manual valves are generically rugged and are not
included in the SEL

3 Breakers, cable trays, circuit boards are generically rugged and are not
included in the SEL.

4 Piping is generically rugged and is not included in the SEL.

Based on these guidelines, the SEL lists approximately 600 pieces of equipment. The
SEL includes but is not limited to:

battery chargers
heat exchangers

* pumps « transmitters « diesel generators

+ valves « motor control and auxiliaries

« tanks centers « control room

» chillers « transformers « alarms

» accumulators + transfer switches « RCS & internals

« relay and control « process switches « all containment
cabinets * inverters integrity

+ spray headers « switchyard components

« control panels » batteries « pressure regulators

To assess whether these components must be added to the piant seismic model, the
seismic fragility for each of the SEL components was assessed. The seismic equipment
list and fragility analysis results are provided in Section 3.11.1. The fragility analysis is
further described in Section 3.4

The Nuclear Safety Group developed the SEL and the Nuclear Engineering Design
Organization independently reviewed the SEL for completeness, comprehensiveness
and accuracy
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Selection of Electrical Relays and Relay Chatter Analysis Methodology

Past seismic PRA studies have shown that seismic-induced relay chattering may have a
significant impa~t on the availability of systems to properly function. Among many
possible effects, i@ay chattering may result in inadvertent operation of equipment, rapid
cycling of equipment, or prevent equipment from operating when required. To assess
the impact of relay chatter on SONGS Units 2/3, electrical relays for each component on
the SEL were identified and placed on a seismic relay list (SRL). Relays determined to
be seismically rugged were screened from further analysis. Relay chatter fragility
assessments are further discussed in Section 3.5.

Relay Chatter Evaluation Methodology

The relay chatter evaluations for each of the relays were performed consistent with
EPRI-NP-7148-SL [3-21]. Based on the chatter evaluation, each relay was identified as
either chatter acceptable (CA), chatter unacceptable (CU), or operator action (OA)
(where an operator is required to mitigate chatter impact) Those relays that are CU or
OA were modeled in the seismic event tree nodal equations. The operator actions for
the OA reiays were evaluated and included with the OA relay in the seismic event tree
nodal equations

To assess whether a relay is CA, CU, or OA, the elementary diagram for each relay was
examined. For each relay chatter evaluation, guidelines provided by EPRI-NP-7148-SL
were used. In addition, the following guidelines were used

. Multiple relay chatters within a circuit must be considered unless contacts are
assessed to be seismically rugged.

’ The duration of strong seismic ground motion which may result in relay chatter is
approximately 20 seconds. Strong motion is defined as motion that is
structurally significant which for SONGS is peak ground acceleration excursions
on the order of 0.5g or greater. The strong motion will be typically about 10 to 15
seconds. Therefore, 20 seconds will be a conservative estimation of the strong
motion for the SONGS IPEEE.

. Based on fragility evaluations, seismic walkdowns, and accident analyses, the
following ESFAS signals would not be expected to actuate during the period of
strong ground motion: Safety Injection Actuation Signal (SIAS), Containment
Isolation Actuation Signal (CIAS), Containment Spray Actuation Signal (CSAS),
Recirculation Actuation Signal (RAS), and Main Steam Isolation Signal (MSIS)
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. An Emergency Feedwater Actuation Signal (EFAS) may be generated during the
20 seconds of strong ground motion. Relay chatter is evaluated with both EFAS
actuated and not actuated

. A Loss of Voltage Signal is assumed to be generated following a I2ss of offsite
power.

. Based on EPRI NP-7148-SL, the following types of mechanical or solid state
devices shown in the logic signal strings of Elementary Diagrams (E/Ds) are
seismically rugged and therefore do not chatter:

"42" - Relay Contacts (Mechanical device - Running Circuit Breakers)
Limit Switch Contacts: Torque and Position

"33" - Relay Contacts (Position Switches)

"TS" - Test Switch Contacts

"CS" - Control Swiiui: Cuntacts

"HS" - Hand Switch Contacts

Solid State Devices

@ 000

The seismic relay list consists of over 1300 relays of which 191 relays' are modeled as
chatter unacceptable, and 27 relays require operator actions to mitigate the effects of
relay chatter. The remaining relays are either seismicaily screened due to ruggedness
or whose chatter have acceptable consequences. Section 3.5 provides a discussion on
the fragility evaluation of the SEL relays

The Nuclear Safety Group developed the SRL and completed the relay chatter
evaluations. The Nuclear Engineering Design Organization's Electrical Group
independently reviewed the evaluations for completeness, comprehensiveness and
accuracy.

3.3 WALKDOWNS

In accordance with Generic Letter 88-20, Supplement 4 [3-22], and NUREG-1407 [3-23],
a documented walkdown of the items included on the Seismic Equipment List (SEL) was
performed for the purpose of identifying equipment/system seismic vulnerabilities in
either the component load path or anchorage, potential seismic failure/falling and
proximity interactions, and potential flooding or fluid spray interactions, including
multiple concurrent flooding sources when credible. The basis, scope and results of the

171 of the 191 relays are switchyard relays. In the plant mode!, the switchyard relays have
been grouped as one switchyard relay with a conservative fragility selected
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essential equipment walkdowns are described in this section and include the summary
of the walkdown effort, and the major observaiions and findings

The objectives of the saismic walkdown were to:

Review and gather detailed information and measurements on equipment
and structures, search for potential seismic vulnerabilities, as well as
review potential spatial system interaction concerns.

Add to the Screening and Evaluation Worksheets (SEWS) any items which
the team judges to be potentially serious problems (such as air lines to air-
operated equipment, questionably secured space heaters, lights over
critical batteries, etc.).

Evaluate the seismic ruggedness of tanks, vessels, and pipes that carry
flammable materials Fire protection systems in the plant will be reviewed
for seismic-induced fire and inadvertent actuation of fire protection
systems. Seismic failures of cardox/Halon systems as well as water
suppression systems will be evaluated.

Note questionable seismic practices as concerns (poor housekeeping,
non-tied-back gas bottles, heavy unanchored equipment, deficient
seismically-supported water or fuel storage tanks, or seismically
vuinerable piping).

Review generally rugged components (such as piping, cable trays,
conduits, check and manual valves) for potential seismic interaction with
other equipment and structures.

The observations and findings of the walkdowns are given in Section 3.3 3. Calculations
were performed for components that could not be screened on the basis of the
walkdowns

Walkdowns were conducted by seismic capability engineers and systems analysts to
cover the scope of the seismic IPEEE. The seismic capability engineers have
completed the SQUG Walkdown Screening and Seismic Evaluation Training Course
plus the add-on Seismic IPE Course, and have performed several seismic walkdowns

Most items on the SEL were found to be well engineered, well anchored and seismically
rugged. Equipment seismic qualification analyses and anchorage calculations were
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found to be available for most components. Some items which were not screened on
the basis of the walkdowns were shown to have adequate margins by subsequent
calculations. The remaining unscreened items were included in the seismic model

331 METHODOLOGY AND REVIEW PROCESS

Several walkdowns were conducted to complete the walkdown effort. The Unit 2
waikdown was primarily conducted by SCE engineers and the Unit 3 walkdown was
conducted by EQE engineers. Joint walkdowns by SCE and EQE personne! were
conducted to establish consistency in the resulting inspections and evaluations, as well
as to rev.ew each others judgements and to establish the similarity between the two
units. A preliminary walkdown to establish the preferred and alternate shutdown paths
for seismic IPEEE was performed by the following individuals

1. G Hardy, EQE, Seismic Capability
2. T Kipp, EQE, Seismic Capability

3. J Appel, SCE, Civil Engineer

4. D. Ostrom, SCE, Seismic Capability

5 T Yee, SCE, Seismic Capability

Subsequent walkdowns were conducted in 1993 to 1995 The walkdown teams were
formed using the following individuals

Unit 2
D. Ostrom, SCE, Seismic Capability 1. G. Hardy, EQE. Seismic Capability
J. Appel, SCE, Civil Engineer 2. T. Kipp, EQE, Seismic Lapability
T. Yee, SCE, Seismic Capability 3 T. Roche, EQE, Seismic Capability
4 M
5 J

=

nit 3

HDOK =

R. Blaschke, SCE, Seismic Capability Salmon, EQE, Seismic Capability
Appel, SCE, Civil Engineer

The final Seismic Equipment List (SEL) is given in Section 3.11. A preliminary SEL was
used in the initial walkdowns. The final database evolved through discussions between
SCE and EQE and was finalized during the walkdowns. All listed components were
visually evaluated except for a few components which were assessed to be
radiologically inaccessible. The fragility assessment for these items is based on
component and anchorage drawings
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The finalized SEL was used as the basis for the planned and documented seismic
capability walkdowns. Some additional walkdowns were performed later to encompass
equipment added to the list and to obtain additional data for the fragility calculations

The SEWS, in conformance with EPRI NP6041-SL, were either programmed into a
Convertible Grid Computer or manually filled-out [3-24]. They are identical to the SEWS
established in Appendix F of Reference 3-24 which provides the technical guidance for
the IPEEE walkdown effort.

Formal documentation was prepared for all major equipment items and for any usually
robust components which exhibited potential seismic concerns. As an example, if a
motor operated valve was evaluated which satisfied all the seismic caveats (e.g ,
operator weight and eccentricity were within limits, valve and yoke did not include cast
iron materials, the valve and operator were not independently supported), the valve was
screened out and not identified as a potential outlier However, if the operator for that
same valve was in close proximity to a structural steel member, the valve was identified
as an outlier because of the potential seismic interaction and formal documentation
prepared describing the condition.

When the team had a reasonable basis for assuming that a group of components were
similar and were similarly anchored, then it was only necessary to thoroughly inspect
one component out of this group. For example, only one of the four containment fan
cooler units required a thorough inspecti~n. For the other three fan coolers, the "walk
by" established the principal of "similarity” and the absence of any system or spatial
interaction (such as a block wall). Actual similarity was verified during the "walk by "
Traceability to the one inspected item and the basis for similarity were recorded on the
SEWS.

3.3.2 EQUIPMENT CAPACITY WALKDOWNS

Most items are robust. The SEWS note whether ./ not the items could be screened as
a result of the walkdown observations coupled with the walkdown team knowledge of the
design basis conservatism at the time of the walkdowns. Subsequent screening
calculations and review of qualification calculations resulted in adequate fragilities for
most of the items that were not screened on the basis of the walkdowns.

Anomalies observed in the walkdowns are identified in the SEWS. These are denoted
with a "No" answer in the "Caveats Satisfied?" column and indicate that one or more
caveats in the SEWS forms was not met. The notable anomalies observed during the
walkdowns are listed below with resolution noted in the parentheses Some of the
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anomalies were resolved when the structural response analyses were completed and
differentiai displacements were determined to be relatively smali. Other anomalies were
resolved upon completing seismic fragility calculations or determining the need for
corrective actions as noted in Section 3.3 6.

3.3.2.1 Issues Potentially Affecting Functionality

1.

Remote valve function control may be affected by the orientation of hand wheel
key during a seismic event. (Occurrence was judged to have a very low
probability )

CCW surge tank level controller is a magnetrol-type which may function poorly in
seismic events. (Tank level instrument will not adversely affect system function )

Turbine governor valve is a specialized valve with linkages and springs. This
valve is outside of normal valve configuration (Fragility calculation performed )

3.3.2.2 Anchorage Anomalies

1.

Cantilevered friction blocks are employed to restrain Reserve Auxiliary
Transformers. (Transformer has a low fragility.)

Spacing violations on CCW heat exchanger anchorage. (Fragility calculation
performed.)

Anchorage on transfer switches for HPS| and CCW were not accessible during
walkdown. (Drawings used to confirm anchorage details.)

3.32.3 Load Path Anomalies

1.

Potentially large nozzle loads due to limited support of discharge piping over a
relatively long span on HPSI and LPSI pumps. (Fragility calculation performed. )

Poor weld conditions between the cylindrical vessel and the support legs for
several accumulators, including 1/8" gap and non-standard stitch welding. Burn
through observed on legs. (Fragility calculation performed.)

No bolt chairs seen on the non-safety-related condensate storage tank because
the anchorage was covered. The shell/base flange connection may be the weak
link. (Fragility calculation performed.)
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Potentially heavy hydraulic operator set on top of valve and unsupported
laterally. (Valve and valve operator are adequately supported by piping.)

Potentially inadequate mounting of internal devices which are offset from the
back of the panel on emergency chiller unit. Vibration isolators are placed
between the panel and support brackets and offset from the internals. Potentially
ineffective hinged door panel clips. (Fragility calculation performed.)

Axial restraint for emergency chiller compression tank is dependent on friction
Bolts may not be able to maintain tightness. (Fragility calculation performed.)

3/4" RCP bleed to VCT piping is supported from containment penetration while
the motor operator support is attached to the interior concrete structure
(Relative displacements are smaill.)

Lateral restraint of the coil on the diesel enygine radiator fan is not evident. It
appears to be guided to allow for thermal expansion. (Fragility calculation
performed.)

Marginal attachment of motor oil filter for emergency chiller unit. (Rechecked and
concluded to be acceptable.)

3.3.24 Seismic interaction li/i Issues

1

Overhead lighting fixture hung from the typical hardware by bailing wire
(Temporary condition during refueling outage.)

Trickle charger sitting on a wall bracket is potentially a falling source for battery
(Charger restrained by two bolts connected to bracket )

Unrestrained fioor-mounted fire extinguisher within 12" of stainless steel tubing
between accumulator and valve. (Temporary condition during refueling outage )

Flexible conduit system with limited support in the vertical and transverse
directions on diesel fuel transfer pumps. In addition, unencased instrumentation
wiring of roughly 4 feet. (Supports judged to be adeguate )

One end of light fixture broken away from unistrut support which employs generic
rod support on toxic gas monitoring panel. (Repaired.)
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Rigid support point on the incoming chilied water line on CCW pump room
emergency AC unit. (Relative displacement is small.)

Instrument line from head of compression tank rigidly restrained in two directions
and is a possible hard spot if the frame s flexible. (Relative displacement is
small.)

Possible break of large sight-glass on the RCP oil drain collection tank due to
potential tank distortion or impact by falling items. (Reverified that there are no
potential falling objects.)

Control room ceiling was inaccessible. (Ceiling was checked in a subsequent
walkdown.) Unanchored bookshelves and unrestrained equipment behind the
Technical Support Center windows are potential interaction hazards. (Bullet-
proof glass prevents items from falling into the control room below.)

3.3.2.5 Commodity Clearance Issues

1

Possible impact of unanchored supply cabinet with accumulator may cause
failure of relief valve threaded connection. (Temporary cabinet during refueling
outage )

AFW valve operator confined by floor grating with 0" clearance to motor and
housings. May not be adequate for relative displacements. (To be repaired as
scheduled in Section 7.1.)

1/16" clearance between the control panel and a 1" tube running beside it could
affect the operability of relays on emergency chiller units. (Relative
displacements are small.)

Limited clearance between the containment sump valve to radwaste isolation
valve (MOV) operator and an adjacent piping support attached to the interior
concrete structure. (Relative displacements are small )

0" clearance between various unbolted cabirets. (Cabinets containing essential
relays with unacceptable relay chattering consequences to be repaired as
scheduled in Section 7.1.)

Limited piping flexibility to accommodate relative structure displacements
(Relative displacements are small )
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3.33 RELAY WALKDOWN
As stated in EPRI NP-7148-SL [3-32], the purpose of the relay walkdowr was to.
. Obtain information needed to determine cabinet types which house

essential relays and to determine their dynamic characteristics and in-
cabinet amplification for the seismic capacity screening

. Spot check relay mountings.

. Spot check relays types and locations, including checks for vulnerable
relays

. Verify the adequacy of the anchorage of the cabinets/enclosures which

support the essential relays

The SONGS 2/3 relay walkdown was generally performed in conjunction with the
equipment capacity walkdowns. The primary objective of the relay portion of the
walkdowns was to verify that the relays were mounted in a sound manner. To meet
these objectives, at least one cabinet of each type and each train was evaluated by

‘ looking at the relays and mountings within all the electrical cabinets, panels, and
switchgear. In addition relay mounting was spot-checked for each cabinet and panel
that was opened for inspection. This activity was performed by the seismic capability
engineers As needed, information was obtained on the cabinet/enclosure type,
anchorage, internal panel cut-outs, and relay mounting.

In addition, other walkdowns were performed in order to determine the type and model
number for some relays, or their position in a cabinet (for potential seismic-induced
floods) Since some relays were determined to be replacements, the replacement
procedures at SONGS 2/3 were verified to include an evaluation of the seismic
gualification of the replacement relays

There were no problems of loose mounting or relays mounted on panels with excessive
cut-outs or flexibility. However, the hinged interior doors on one set of cabinets were
found to have missing nuts for the bolts to the cabinet frame, which could have led to

excessive vibration. A maintenance action was requested and confirmed to have been
performed

This overall review of relays and mountings provides high assurance that the essential
relays are properly installed



SONGS 2/3 Individual Plant Examination of External Events

334 SEISMIC FIRE/FLOOD INTERACTIONS AND WALKDOWN

This section documents the evaluation of potential seismic-fire and seismic-flood
interactions. Additional insights on the effects of inadvertent fire protection system
actuation, listed in NRC Information Notice 94-12 were also included in this evaluation
process [3-25, 3-29]. The purpose of this evaluation was to

. identify any potential for a seismic-induced fire or seismic-induced flood that
could damage equipment or structures that are important to safety during or after
a seismic event, and

. determine whether any identified damaging seismic-induced fire nr floods are
vuinerabilities and to assess viable mitigating measures

w

3.4.1 Background

This section is divided into two main sections corresponding to seismic-induced fire and
seismic-induced flood. Seismic-induced inadvertent actuation of fire suppression
systems, including Cardox and Halon, is considered under the seismic-induced flood
section. The general approach and detailed results, as documented in the Seismic-Fire
and Seismic-Flood Evaluation Project Instruction [3-26] and associated analysis file [3-
27] is described below

Step 1 Identification of potential sources of fire or floods. All potential
sources of fires or floods that could damage safety equipment or
structures (that 1s, equipment that are included in the seismic
equipment list or the structures that contain this equipment) were
identified. These sources were either identified from existing
documents or identified during the walkdowns

Step 2 Evaluation of seismic capacity of sources. The seismic capacity of
the identified fire or flood sources was assessed Many potential
fire or flood sources may have been screened out using expert
judgment during the seismic capacity walkdown based on high
seismic capacity. However, in some cases it may have been
necessary to formally calculate the seismic capacity of the fire/flood

scource

W
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Step 3. Assess impact of fire/flood source on core damage frequency.
If the seismic capacity value was less than the capacity screening

level, then the potential for fire or flood damage was evaluated by

B Inclusion of the fire/flood source in the seismic systems
model and quantified to determine its impact on seismic core
damage frequency

. Development of a sensitivity study to evaluate the potential
for adverse impacts on seismic core damage frequency

The capacity screening level is defined by the project instruction as
the average spectral ground acceleration associated with a
1E-6/year seismic return frequency. A more conservative screening
criterion of 1E-7/year was actually used for the evaluation, which
corresponds to a median capacity of 7g to 8g, depending on the
uncertainty parameters. This was consistent with the balance of the
seismic capacity analysis.

if the fire/flood source was determined to be a significant contributor
to seismic core damage frequency, then it was evaluated to
determine if it is a seismic vuinerability and if modifications would
be recommended

3.3.42 Seismic-induced Fire

For seismic-induced fires, the concern was that the earthquake motion could cause a
failure of a tank or piping containing flammable liquids or gases?, which are then ignited
causing a damaging fire. The primary fire sources are transformers, tanks and piping
containing pressurized hydrogen or flammable gas, or oil/fuel (such as hydraulic oil,
cooling oil, fuel oil, lube oil, and waste oil). Simultaneous random fires (i.e., not caused
by the seismic event) were not evaluated, since the combined probability of a major
earthquake and an independent random fire which damages equipment important to
seismic safety is very small For example, cable tray or trash barrel fires are generally
not caused by an earthquake and therefore wer= not evaluated in the seismic fire
evaluation. While there may be some potential for a seismic-induced cabinet fire due to
cable shorting at the entry to the cabinet, the essential electrical cabinets and
associated top-entry cables were evaluated for their seismic capacity as part of the
overall capacity evaluation of electrical equipment. Seismic capacity evaluations for

For this evaluation, "flammable” is defined to include "flammable" and "combustible”
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essential pumps included a capacity evaluation of the lube oil system and lube oil
reservoir. Similarly, the capacity evaluations for the diesel generators and day tanks
included assurance of confinement integrity for flammable liquids

Step 1 Identification of the Potential Fire Sources

The Updated Fire Hazard Analysis (UFHA) and associated Appendix R documents
identified sources and quantities of flammable liquids and gases by fire areas Table
3 3-1 lists the potential sources included in the walkdown

Although welded piping generally has very high seismic capacity, a special effort was
made to identify significant piping containing flammable liquids and gases in order to
ensure that the flammables in these pipes do not pose a seismic-fire interaction. in

particular, piping containing hydrogen, waste gases, and other flammables were
identified and reviewed as follows:

. Most of the waste gas lines are in the radwaste areas The radwaste
areas do not contain components that are important for safety during or
after a seismic event, except for the charging pump rooms (which are
isolated from the rest of the radwaste areas). These areas were therefore
screened from further analysis. Excluding the radwaste area, ine areas
containing lines with the potential for hydrogen leakage are listed in Table
3.3-2. In general, the quantity of flammable gas in these low pressure
lines is insufficient to pose a serious fire hazard However, the areas were
listed for seismic capacity walkdowns.

. Hydrogen leakage from potential piping failures could also occur in the
containment, turbine building, and yard areas. Hydrogen supply piping
running from the storage tanks near the turbine buildings to the radwaste
area along the outside of the control and penetration areas was identified
While potential leakage and fire in outside areas would not damage any
safety-related equipment, these pipes were listed for walkdown to ensure
that there was no potential for piping failure or fire propagation. Based on
containment walkdowns and the piping walkdowns, it was judged that the
waste gas and sampling lines inside containment are very rugged. There
are no pure hydrogen lines inside containment, and the amount of
flammable gas in the waste gas and sample lines inside containment is
relatively small. Based on the above considerations, and for ALARA
reasons, no additional containment walkdowns were performed for the
seismic-fire interaction issue
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. Piping containing flammable liquids, such as the diesel fuel oil lines were
not listed separately for walkdown, but were examined during both the
seismic-induced fire walkdown and the equipment seismic capacity
walkdowns.

Because of their temporary nature, transient liquid and gas fire sources were not
categorically identified for walkdown However, the walkdown team did identify and
review potential transient combustibles that were found during the walkdown of other fire
sources and areas.

The results of this step are the lists of potential fire sources and quantities for the
seismic-induced fire walkdown (Table 3.3-1), and potential piping and tanks with
hydrogen (Table 3.3-2)

Step 2. Performance of the Seismic-induced Fire Walkdown to Screen Fire
Sources

A walkdown was performed to evaluate the seismic capacity of these potential fire
sources. The walkdown team included seismic capability engineers, fire protection
engineers, and PRA systems engineers. Each area containing potential fire sources
and safety equipment was walked down. The fire protection engineers identified the
potential fire sources, and the seismic capability engineers evaluated each source by
checking the anchorage and capacity of the fire source (e.g., tank) and attached piping,
and the potential for nearby spatial interactions. Screening and Evaluation Worksheet
(SEWS) forms were available to record seismic capacity information, but were not
needed for this evaluation since none of the potential fire sources were judged to be a
problem.

The walkdown results show that all potential seismic fire sources either have high
capacity and could be screened from further analysis, or that there are no safety
equipment or cabling in the vicinity of the potential fire impact area. For example, the
waste lube oil tanks for the reactor coolant pumps were evaiuated to have high seismic
capacity and will not fail during a seismic event. Also, the hydrogen storage tanks were
screened from further analysis because they are located on the side of the turbine
building that is away from containment, where their potential failure could not damage
safety equipment. The walkdown results are documented in Table 3.3-1

The walkdown team paid particular attention to piping containing hydrogen and other
flammable gases The hydrogen supply piping was traced both inside and outside the
plant buildings. These lines were spot-checked and found to consist of welded piping
that is well supported, and are not located near any safety equipment. Waste gas lines
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which could contain hydrogen and are in areas with safety equipment were also spot-
checked. These lines are also welded and well-supported, and would have high
capacity during an earthquake.

In summary, there were no potential failures identified in hydrogen or waste gas piping
which could impact safety equipment. These walkdown results are documented in
Table 3.3-2

Step 3. Seismic-induced Fire Results
Based on the systematic identification and evaluation of fire sources, no fragility

calculations were required, and potential seismic-induced fires were screened from the
seismic analysis.

3.34.3 Seismic-induced Flood
The concerns associated with seismic-induced flood can be categorized as:

L Seismic failure of tanks, piping, expansion joints, and seals that cause
flooding or spraying that damages equipment important to seismic safety

2. Seismic-induced inadvertent actuation of fire suppression systems causing
flooding, spraying, or Cardox/Halon discharge damaging seismic safety
equipment

Note that some equipment may not be susceptible to damage ev2n if sprayed For
example, many valves are deugned to withstand spraying and operate as designed.
Also, discharge of Cardox/Halon due to piping failure will not damage electrical or
mechanical equipment, or cables. As with seismic-induced fires, the general approach
included identification of potential seismic-induced flood sources, and performance of a
seismic capacity walkdown of the sources. The potential for failure of multiple flood
sources was included in the assessment when considered credible. The walkdown
team included seismic capability engineers to judge flood source seismic capacity on a
screening basis, fire protection engineers to provide information on fire suppression
systems and flood impacts, and PRA engineers to provide systems and IPE expertise
The steps used to evaluate these concerns, and the walkdown results are discussed in
the following sections
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Step 1. Identification of Potential ~looding Sources

The sources of potential flooding, including piping, tanks (inside and outside of
buildings), fire sprinkler and suppression systems, and circulating water system
condenser expansion joints and seals, were identified from the internal flooding analysis
in the IPE, and the analysis of inadvertent fire suppression system actuation performed
for the Appendix R evaluation.

Step 2. Seismic Walkdown and Evaluation of Potential Flooding Sources

The walkdown and evaluation of each of the potential flood source categories are
discussed below:

L Piping (Including Fire Water Systems)

In general, piping has very high seismic capacity. Potential piping failures at SONGS
have been examined previously during seismic Il/l evaluations For tiie IPEEE, potential
piping failures near safe shutdown equipment were reviewed during the seismic
capacity walkdown as part of the systems interaction evaluation and documented on
SEWS form. In particular, threaded piping (such as fire sprinkler systems in the vicinity
of equipment on the seismic equipment list) was verified to have adequate support and
seismic capacity such that failure will not cause flooding or spraying Some sprinkler or
fire suppression systems were identified as "dry pipe" systems where piping failure
would not directly cause discharge of water or Cardox/Halon.

Fusible links in sprinkler systems generically have high seismic capacity and can be
screened out unless subject to unusual stresses such as impact with adjacent
objects/structures. Potential interactions of these sprinkler heads were reviewed during
the walkdowns with no issues or weaknesses identified

B. Tanks

The internal events IPE flooding analysis was reviewed to identify tanks that could fail
and cause damage to seismic safety components. This review also included outside
tanks that could fail and fiood buildings from the outside. These tanks were included in
the flood source list as potential flooding sources (Table 3.3-3) and reviewed by the
seismic capacity engineers during the walkdowns. In addition, the walkdown team
performed a spot-check for any additional tanks in the vicinity of safety equipment that
could cause flooding. Several outside yard tanks were added to the list
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The seismic-induced flood walkdown was performed in conjunction with the seismic-
induced fire walkdown, and the results are documented in Table 3.3-3. All of the
potential flooding sources and piping were determined to either have high seismic
capacity, or have no impact on safety equipment given tank failure. However, during the
walkdown, the ammonia tank (2/3T-257) was identified as a potential source of toxic gas
if failure occurred during a seismic event. Rather than include its potential failure in the
seismic analysis, it was decided to strengthen the tank and supports such that the tank
would be screened from further analysis. Piping and nozzles were judged to be able to
withstand the seismic event due to adequate piping supports and inherent ruggedness
Seismic strengthening of the tank will be completed by the end of the Cycle 9 refueling
outage.

C. Expansion Joints And Seals

The seismic capability engineers, as part of the seismic walkdown, evaluated the
potential failure of expansion joints and seals.

Two issues were specifically evaluated and documented. First, the seismic capacity of
the circulating water system condenser expansion joints was evaluated since failure
may cause flooding and failure of safety equipment (including SWC, HPSI, CCW,
emergency chillers). However, if offsite power is concurrently lost due to the seismic
event, then the circulating water pumps will lose power and a significant flood cannot
oceur.

A special sensitivity study was performed that demonstrated that the seismic capacity of
the expansion joints (about 2 8g S,) was significantly greater than the capacity of offsite
power (about 529 S,). These seismic fragilities were combined with the seismic hazard
curve, and the calculated frequency of expansion joint failure and offsite power
availability success was determined to be less than 1E-7/year, which is lower than the
screening criterion for seismic sequences. Based on this sensitivity study, the potential
for seismic-induced expansion joint failure and a significant flood was screened from
further evaluation. It should aiso be noted that additional failures besides the expansion
joint failures would be needed to cause core damage, so this sensitivity study is
conservative.

The second issue relates to potential seismic damage to seals and bellows around
piping into the valve rooms associated with recirculation and to CCW. Failure of seals
and bellows allows groundwater to potentially damage required safety equipment. The
CCW room seals and the recirculation sump seals were not screened and are included
in the seismic model as failure modes for the CCW and Injection/Recirculation systems,
respectively.
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D. Seismic-induced Inadvertent Actuation of Fire Suppression Systems

In addition to the potential for seismic-induced mechanical failures, potential also exists
for inadvertent actuation of fire suppression systems due to seismic-induced
phenomena such as relay chatter, dust induced smoke detector actuation, or spurious
deluge valve operation. In many cases, inadvertent actuation of fire suppression
systems will not damage equipment important to seismic safety. For example, the
turbine-driven and motor driven AFW pumps and associated cabinets and valves that
are encircled by the deluge system are designed and protected such that they will
operate even if the deluge system operates

NRC Information Notices 83-'1, "Actuation of Fire Suppression Systems Causing
inoperability of Safety-Related Equipment” [3-28], and 94-12, "Insights Gained From
Resolving Generic Issue 57 Effects of Fire Protection System Actuation on Safety-
related Equipment” [3-25, 3-29], expressed several concerns rega. ding the inadvertent
actuation of suppression systems causing damage to equipment credited for safe
shutdown References 3-30 and 3-31 responded to the NRC IN 83-41 concerns, which
include some of the same concerns as NRC IN 94-12. The relevant conclusions of the
NRC IN 83-41 analysis are as follows:

1 Contamination of diesel fuel oil by fire suppression system water will not
occur at SONGS 2 & 3, as the fire suppression system is not connected to
the diesel fuel oil tank.

2 Actuation of the water suppression systems at SONGS 2 & 3 due to
inadvertent actuation of smoke detectors will not occur, as the alarm and
actuation systems are separate. Smoke detectors are used only for alarm
Heat detectors, which are seismically rugged, are used for actuation of the
suppression systems.

3 Most plant areas are provided with floor drains sized to remove expected
fire fighting water. The analysis performed for NRC IN 83-41 regarding
water accumulation in plant areas without drains sized for fire protection
systems demonstrated that safe shutdown capability will not be adversely
impacted by flooding [3-31] All areas of the plant containing both
automated water suppression systems and safety related equipment were
considered in this analysis. The flooding analysis was performed
assuming inadvertent operation of the water suppression system for 30
minutes, and flood heights were calculated from known water discharge
rates and floor areas. Based on this IN 83-41 analysis, several
modifications such as curbs and weatherstripping were made so that
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inadvertent operation of the water suppression system would not impact
the safe shutdown capability of the plant.

However, the design basis flooding analysis did not consider muliiple actuations of fire
systems, as could occur for seismic-induced relay chatter or spurious deluge valve
operation. The unly areas which could be affected by multiple actuations of fire systems
are those on the nine foot elevation of the auxiliary building. These areas were
evaluated during the seismic/flood walkdown by examining the following issues.

. Multiple spurious deluge valve operation due to the seismic event

While the deluge valves have been tested and are relatively rugged, there have
been a few instances when an inadvertent discharge has occurred due to
physical impacts to the valve actuation panel. Root cause analysis pointed to
improper resetting of the manual pull rod, partly due to corrosion of the valve
actuation internals. Immediate corrective actions were taken to identify and
correct valves subject to this corrosion, and perform preventive maintenance to
prevent the potential for spurious actuation due to impacts.

. Multiple deluge valve operation due to relay chatter

While the relays associated with the fire protection actuation system are judged
to be rugged based on their similarity to known rugged relays, there is no direct
capacity information available. Without specific test results, multiple relay chatter
could not be excluded.

The walkdown identified potential flood propagation paths and equipment that could be
affected by a multiple deluge valve flood A qualitative analysis was performed to
assess the impact and is described below.

Drains are installed in all rooms which could be impacted by a flood. The cable riser
galleries have large drainage areas which would hold significant quantities of water

The gaps at the bottom of doors varied between almost nothing to about 3/8". Most of
the rooms have multiple doors. While there would be accumulations of water in some
areas, there are gaps under the doors leading out to the turbine building area where the
water would not cause a problem. Based on the door gap sizes, the safety equipment
that could possibly be affected by a flood is limited to the TGIS system (some vulnerable
equipment is about 4" off the floor) and the relay cabinets in the relay room (some wiring
and relays about 4” off the floor). Loss of the TGIS system would not be a problem
during a seismic event since nn toxic gases are expected to be released based on the
seismic walkdowns and the future strengthening of the ammonia tank (Cycle 9) Piping
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and nozzles were judged to be able to withstand the seismic event becaus = of adequate
supports and inherent ruggedness. The relays which could be affecte< oy a flood could
cause a loss of offsite power (which is likely since switchyard capa ity is lower than
relay chatter capacity), or could cause an inadver.ent closure of valves to the standby
CCW pump. While the relay chatter could fail the standby pu np by blocking suction or
discharge, the other two CCW pumps would be unaffected.

Therefore, potential flooding from multiple fire protection system actuations will not
significantly impact seismic risk.

NRC Information Notice 94-12 listed six significant insights [3-25, 3-29]. Treatment
within the seismic-induced fire and flood evaluation was as fullows:

1.

Mercury relays in fire suppression (and other) systems - Mercury relays
were not identified in the fire suppression or other systems. Chatter of fire
suppression actuation relays was evaluated not to be a significant risk
contributor.

Seismic dust/smoke detectors - Not applicable to SONGS 2/3 as
discussed above.

Water deluge systams - These potential impacts were identified and
evaluated in the section above.

Fire suppressant availability during a seismic event - While most plants do
nct have fire protection systems that are designed for a safe shutdown
earthquake, SONGS 2/3 has a specifically designed seismic fire protection
water system, with tankers and headers. However, as discussed in the
seismic-fire interactions section, there are no fire sources identified at
SONGS 2/3 which could fail during a seismic event and impact safety
systems

Switchgear fires - Switchgear capacity to withstand seismic events is
directly evaluated in the seismic capacity evaluations and includes
potential system interactions with nearby equipment.

Electro-mechanical components in cable spreading rooms - The seismic
capacity walkdown was used to identify and evaluate potential equipment
failures in the cable spreading rooms at SONGS 2/3 There were no
unanchored electro-mechanical components such as cabinets in these
rooms
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Step 3 Evaluation of Core Damage Risk

Based on walkdowns and capacity and impact evaluations, there are no safety
equipment that would be impacted by the failure of potential seismic flooding sources
Therefore, there is no core damage risk due to seismic-induced flooding

3344 Conclusions

A systematic evaluation and walkdown of potential seismic-induced fires or floods was
performed for the SONGS 2/3 IPEEE  These evaluations included issues such as fires
due to potential sources of hydrogen, floods due to multiple actuaticns of fire
suppression systems, and toxic gas release from the ammonia tank. Based on this
evaluation, there are no potential seismic-induced fire or flood sources that will affect
safety equipment needed for shutdown during or after a seismic event
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TABLE 3.3-1
SEISMIC-INDUCED FIRE SOURCE CHECKLIST

2-CO-15-1A Qi 2827 lbs RCP lube oil and waste
lube oil-reviewed during
containment walkdown

2-CO-15-18 Oil 2827 lbs RCP lube oil and waste
lube oil-reviewed during
containment walkdown

2-CO-15-167 Qi 7 Ibs N elevator-no SSC

2-PE-8-2A Hydrauiic Fluid 232 Ibs N vanous small sources

2-PE-30-2C Hydraulic Fluid 232 Ibs N vanous small sources

2-PE-83-38 Alcohol 2 lbs N insignificant source

2-SE-(-5)-1358 Qil 15 lbs CCW pumps

2-SE-(-5)-135C Qil 15 Ibs CCW pumps

2-SE-(-5)-135D Oit 15 Ibs CCW pumps

2-SE+(-15)-137C Qil 44 lbs S| LPSI CS pumps

2-SE-8-1408 Oil 15 Ibe N valves

2-SE-30-143 Qil 7 Ibs N elevator-no 8SC

2-SE-30-145A Hydraulic Fluid 1,809 Ibs MSIV MFIV

2-TB-7-148A Qil 12,573 Ibs N no SSC

2-TB-8-148F Ol 1,110 Ibs in pumps/motors

2-TB-7-150 Oil 7 Ibs N no SSC

2-DG-30-158 Lube Oil 7,200 lbs DG and Fuel Oil

Diesel Fuel 4,600 lbs
2-DG-30-158 Lube Oil 7,200 Ibs 4,600 DG and Fuel Oil
Diesel Fuel Ibs

2-TK-30-161A Ol 984 Ibs drain tanks/lines OK

2-AC-9-8 Qil 12 Ibs N no SSC -itg swyr

2-AC-9-8 Oil 229 lbs chillers

2-AC-9-10 Qil 229 lbs chillers

2-AC-9-11 Oil 229 Ibs chillers

2-AC-9-12 Oil 7 Ibs N no SSC-normal HVAC

2-AC-9-13 Oil 121bs N no SSC-itg swyr
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TABLE 3.341
SEISMIC-INDUCED FIRE SOURCE CHECKLIST

mmm
Fire Area Combustible Combustible Adequate Fire impact on Comment
Type Amount | Capacity (YN) | _Equipment (Y/N)
2-AC-9-18 combustible 8 lbs Y H2 in cylinder -toxic gas
_gases analyzers
2-AC-9-18 Oil 7 ibs N elevator-no SSC
2-AC-70-84 combustible 4ibs N no SSC-general area
Jees
2-AR-8-78 Ol 11b N no SSC-cabinet xfmr
2-AR-9-84A Qil 7 lbs N BAMU
2-AR-5-848 Qil 7 ibs N BAMU
2-AR-8-87 Qil 75 lbs Y Charging pump
2-AR-9-88 Qil 75 lbs Y Charging pump
2-AR-9-89 Oil 75 Ibs Y Charging pump
2-AR-89-90 Oil 7 Ibs N elevator-no SSC A
2-AR-37-102A Qil 355 Ibs N no SSC-general area
2-AR-63-116 Qil 104 Ibs N no SSC-general area
3-AR-9-78A Qil 7 Ibs N BAMU
3-AR-5-788 Oil 7 bs N BAMU
3-AR-8-91 Oil 74 Ibs e Y Charging
3-AR-8-92 Qil 74 bs Charging
3-AR-8-93 Qil 74 lbs Charging
2-YD-30-200A Diesel Fuei Oif 2,230 Ibs Y
Lube Oil 522,870 Ibs N diked
Transformer Oil 863 641 Ibs N transformers-no SSC
Snubber Oil 895 Ibs N general-no SSC
Acetylene 14 Ibs N general bottles
Paint/Solvent 21,586 Ibs N general-no SSC
Hydrogen 260 Ibs N H2 tanks and lines
included in special
walkdown
2-YD-30-2008 Diesel Fuel Oil 2,006 lbs Y
Lube Oil 11,477 Ibs N in equip-no SSC
Transformer Oil 566 460 Ibs N transformers-no SSC
Acetone/Solvent 6,171 lbs N general-no S5C
Paint 7,624 Ibs N general -no SSC
EHC Flud 5005 Ibs N general-no SSC
Hydrogen 260 Ibs N H2 tanks and hines
included in special
walkdown
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Fire Area Combustible Combustible Adequy ¢ Fire impact on Comment
Type Amount Capacity ('/N) Equipment (Y/N)

3-CO-15-1A Qil 2827 Ibs Y RCP iube oil and waste
Iube oil-reviewsd during
containtment walkdown

3.CO-15-18B Ol 2827 los Y RCP lube oil and waste
ube oil-reviewed during
containment walkdown

3-CO-15-167 Oil 7 los N alevator-no SSC

3-PE-9-2A Hydraulic Fluid 232 lbs N vanous small sources

3-PE-30-2C Hydraulic Fluid 232 bs N Varnous Smai sources

3-PE-63-3B Alcoho! 2 lbs N insignificant source

3-SE-(-5)-1368 Ol 15 Ibs Y CCW pumps

3-SE-(-5)-135C il 15 lbs Y CCW pumps

3-SE-(-5)-1350 Qil 15 Ibs Y CCW pumps

3-SE-(-15)-137C Qil 44 |bs ¥ Sl LPSI CS pumps

3-SE-8-1408B o] 15 Ibs N valves

r:'»-SE-:!()-MzA Qil 28 Ibs N elevator-no SSC

3-SE-30-145A Hydrauhic Fluid 1,809 lbs Y MSIV. MFIV

3-TB.7-148A Oil 13,134 bs N no SSC

3-TB-8-148F Qil 1,110 Ibs Y in pumps/motors

3-TB-7-150 Qil 7 Ibs N no SSC

3-DG-30-155 Lube Ol 867 gal Y DG and Fuel Oll

Diesel Fuel S50gal |
3-DG-30-158 Lube Oil 867 gal Y DG and Fuel Oil
Diesel Fuel 55( gal
3-TK-30-161A Oil 984 bs Y drain tanks/lines OK
— W —
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TABLE 3.3-2
SEISMIC-INDUCED HYDROGEN FAILURE CHECKLIST

MWM
Fire Area or Room Pipe Adequate Impact on Comment
General Area Capacity (1/N) Equipment (Y

2-PE-8-2A 109 110-1"-D-LLO N in Rad Waste Pipe
Chase, 2-AR-24-
94, piping but no
88C

2-PE-30-20 203 098-3/4"-J-KEO Y

208 066-3-D-LLO Y

3-PE-9-2A 109 110-1"-D-LLO N In Rad Waste Pipe
Chase 2-AR-24-
94, piping but no
8S8C

3-PE-30-2D 208 098-3/4"-J-KEO ¥

209 066-3"-D-LLO Y

Outside piping Y N piping supported
OK and no SSC
impacts

Yard storage tanks N no $SC

General H2 cylinders Y anchored or
chained adequately

Turbine Building H2 storage N no 8SC

Rad Waste Bidg pping N no SSC in areas

Note: If a fire or flood source has adequate capacity, fire or flood impact was not assessed If a fire or flood
source has no fire or flood impact, seismic ruggedness was not evaluated.
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TABLE 3.3-3

SEISMIC-INDUCED FLOOD SOURCE CHECKLIST

Flood Source or Potential impact
Area

Adequate

Capacity
{YN)

>~ impact
on Eov pment

LN

|

Plant Grade

Fire Water Tanks T102 T103

—

Demin Water Storage Tanks

graded away from SSC

Turbine Plant CW HXs/Pumps

Holdup Tank 7-258

Turbine Plant CW Surge Tank T-S0

Sutfunc Acid Tank T-184

diked

Ammonia Tank T-106

contingent on upgrade

Plant Iintake

Struch
Structure

Circ Water Pumps

SWC Pumps

Screen Wash Pumps

arains gown

Turbine Bldg

Condenser Expansion Joints

Control Bidg-9

Chillers

Relay Room

deluge systems could flood area
-relays about 4" above floor

Control Bidg-30

Controi Room

no significant flood source

Deluge Valves

flood in cable rniser gallery would
drain to 9' level

Control Bidg-5C

Switchgear, Inverter, Battery Rooms

no significant flood source

Deluge Valves

drain to 9° leve

flcod in cable nser gallery vr.'oudJ

Safety Equipment

Bidg-(-15, -5, 9

Piping

CCW Surge Tanks

Piping

Deluge Vaive

TDAFWP and Tr B equipment

s qualified for spray effects
BB RS

Nuclear SW Storage Tank T-104

bermed

Doghouse

Piping

RadWaste Bidg

Primary Plant Makeup Tanks
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TABLE 3.3-3
SEISMIC-INDUCED FLOOD SOURCE CHECKLIST

Flood Area Flood Source or Potential impact Adequate Flood impact
Area Capacity on Equipment
_{Ym) (YN)

Piping Y

Hill Tanks ! Diked Slopes & grade such
that H20 would drain to ocean

Bidgs doors prevent significant
flooding

Note: If a fire or flood source has adequate capacity, fire or flood impact was not assessed. If a fire or floed
source has no fire or flood impact, seismic ruggedness was not evaluated

335 UNIT 2 - UNIT 3 COMPARISON

The walkdowns of both units confirmed that there are only minor differences between
Unit 2 and Unit 3. The differences do not affect the seismic fragility of the structures
equipment or components that were designated as essential in the IPEEE project

336 RECOMMENDED CORRECTIVE ACTIONS

As a result of the waiind: wns, several seismic interaction concerns were identified The
seismic interactions pertain to closely-spaced electrical panels with essential relays
proper restraints for overhead light fixtures, and small gaps between valve operators
and floor gratings. These items will be modified to eliminate the potential seismic
interaction conditions. The rmodifications are summarized in Section 3.7

3.4 ANALYSIS OF PLANT SYSTEMS AND STRUCTURAL RESPONSE

A probabilistic response analysis of structures for SONGS was performed in support of
the seismic IPE program. In general, floor response spectra and structure member
forces developed for the plant’s design basis are considered to be conservatively
biased Hence, it was decided to generate new structural responses using the current
state-of-the-art methods and avoid any intentional bias in the analysis with respect to
soil-structure modeling. In order to cast the results in a form convenient for the
development of structure and equipment fragilities, a probabilistic approach was
adopted
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The objectives were twofold:

. To estimate median structure forces and the variability about the median
for all major structures of interest for input to structure fragility analysis

. To develop probabilistic floor response spectra in all major structures of
interest for use in equipment fragility analysis

The following Seismic Category | structures were analyzed and evaluated:

Auxiliary Building

Containment/Internal Structure

Safety Equipment Building

Diesel Generator Building

Condensate and Refueling Tank Enclosure Building
Intake Structure

341 METHODOLOGY

‘ Seismic IPEEE methods require that the best estimate or median-centered seismic
response of buildings and equipment be evaluated for earthquake well beyond the
design basis earthquake (DBE). The term “median-centered response” denotes best
estimate or 50% non-exceedance probability (NEP) response conditional on the
occurrence of the ground motion

Probabilistic seismic response analysis is generally used to calculate seismic responses
for use in a seismic PRA Further, the location of the SONGS buildings on a deep soll
site requires the consideration of soil-structure interaction (SSI) effects in the response
analyses. The basic elements of SSI analysis and the probabilistic response analysis
are described in Appendices A and B of Reference [3-33), respectively. The overall
approach is described in the context of the substructure method. The elements of the
substructure approach as applied to structures subjected to earthquake excitations are:

+ Specifying the free-field ground motion.

« Development of the soil models, i.e., defining the soil profile and
performing the site response analysis

» Calculating the foundation impedance functions and wave scattering
effects.
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« Determining the fixed-base dynamic characteristics of the structure

+ Performing the SSI analysis. i.e, combining the previous steps to
calculate the response of the coupled soil-structure system

The approach to probabilistic response analysis is to perform multiple SSI analyses
using the above methodology. For each earthquake simulation, variations in input
motions and SSI parameters (structural frequency and damping, and soil shear modulus
and damping) are introduced The end products of a probabilistic response analysis are
distributions on structure response -- i.e, loads in structural elements for structure
fragilities, and in-structure response spectra which define the seismic demand on
equipment housed in the buildings. The distributions are described by the 50th
percentile values and the logarithmic standard deviations (B's)

In past applications, probabilistic response analyses were performed for a number of
different free-field ground motion levels. These levels were conveniently selected at
multiples of the Safe Shutdown Earthquake (SSE) level, and the acceleration levels at
which failures were estimated to occur were obtained by interpolation, or more
commonly by extrapolation, of the analytical data. Note that the term “SSE" is
analogous to “DBE". In this report, “DBE" is used to denote the design basis ground
input. “SSE” is used to denote earthquake excitation levels in the probabilistic
response analysis. Direct scaling of results from one earthquake level to another is not
strictly correct due to nonlinearity in soil behavior. For SONGS, the level at which
structures and equipment are expected to be challenged is anticipated to be twice the
SSE (2xSSE) level. The SSE level is also analyzed to provide a data point for
interpolation/extrapolation as well as a reference point for comparison against the
original design basis results.

3.4.11 Free-field Ground Motion

In probabilistic response analysis, the characteristics of the free-field ground motion is
defined by the shape of the mean uniform hazard spectra (UHS) corresponding to a
return period of interest. The UHS shape is a product of a probabilistic seismic hazard
analysis. In general, UHS shapes are defined for both the horizontal and vertical
directions. However, due to time constraints, it was necessary to start the probabilistic
response analysis prior to completion of the probabilistic seismic hazard analysis task.
To permit this parallel effort, a preliminary estimate for the shape of the UHS in the
horizontal and vertical directions was made by Woodward-Clyde Consultants (V/CC).

To complement the UHS, an ensemble of 26 time histories consistent with the
preliminary UHS was provided by WCC [3-34] Table 3 4-1 lists the source of this
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strong motion ensemble. For each time history in the ensemblie, the horizontal
components were normalized such that the median spectral acceleration of the average
of the two horizontal components over the frequency band of 1 to 10 Hz was 'nity, using
even sampling along the frequency axis. The vertical component was n nzed by the
median vertical spectral acceleration over the frequency band of 1 to 10 Hz, and then
scaled by the average ratio of the vertical to horizontal uniform hazard normalized
spectral shupe over 1to 10 Hz. In the probabilistic response analyses, these
normalized time histories were further scaled to the SSE and 2xSSE level in the
following manner. First, the average spectral acceleration from 1 to 10 Hz was
computed for the SSE spectral shape. This involved digitizing the SSE at the frequency
set {f=1, 2.5 5 and 10 Hz} and applying the following equation:

Sa i (O-S'Sﬂm * Sa.ZSHz * Sn,SHz +0 5.81 100-11) / 3

Using the above, the average spectral acceleration computed for the SSE was 1.43g
Thus, the normalized time histories were scaled by a factor of 1.43 to yield the SSE
level because the time histories were developed for an average spectral acceleration of
1.0g. Similarly, the 2xSSE level was obtained by applying a scale factor of 2.86. These
scale factors were applied to each time history in the normalized ensemble discussed in
the preceding paragraphs. Reference [3-35] describes the time history ensemble and
the scale factors in detail

Figures 3 4-1 through 3 4-3 compare the recommended UHS scaled to the SSE level
against the DBE. It may be seen that in the horizontal direction, the UHS shape is
below the DBE at frequencies below 2 Hz. Hence soil-structure modes below 2 Hz will
experience lower seismic input using the UHS. The vertical UHS exhibits a significant
frequency shift to peak at around 10 Hz (See Figure 3.4-3). This frequency shift is
expected to propagate into the vertical floor response spectra. Also plotted in Figures
3.4-1 through 3 4-3 are the 50% and 84% non-exceedance probability (NEP) response
spectra computed from the time history ensemble. The 84% NEP response spectra
provide an idea of the variability of the time history ensemble about the median. The
50% and 84% NEP response spectra of the ensemble are computed with no assumption
about the distribution of the data

In order to validate the use of the preliminary UHS and the associated time history
ensemble, the preliminary UHS recommended by WCC were compared against the final
UHS from the seismic hazard analysis conducted by Risk Engineering, Inc (RE!)

Figure 3 4-4 compares the preliminary horizontal UHS recommended by WCC against
REI's UHS at 1.386X10* exceedance probability (SSE level). Both spectral shapes
have been normalized over the 1 to 10 Hz range. It may be seen that the preliminary
estimate matches RE!'s final UHS shape extremely well. Considering the overriding
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importance of the horizontal direction with respect to structure and equipment fragility, a
further check was performed at the 2xSSE level on the horizonta! spectra. It may be
seen in Figure 3 4-4 that the 2xSSE and SSE shapes from the seismic hazard analysis
are very similar, thereby validating the use of preliminary UHS shapes recommended by
WCC. In the vertical direction, the vertical UHS recommended by WCC shows some
conservatism over REl's UHS at the SSE level as shown in Figure 3 4-5 The general
shape, particularly the higher frequency content as compared to the horizontal UHS
shape, are in good agreement
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TABLE 3.41
EMPIRICAL TIME HISTORIES SELECTED FOR
PROBABILISTIC RESPONSE ANALYSES
Extracted from Reference {3-1
1 1940 Imperial Valley ICSB 71 83 Strike-Slip Soil
2 1978 Tabas Tabas 74 30 Reverse Sol!
3 1979 imperial Vailey Aeropuerto 65 6.2 Strike-Siip Soil
a 1979 imperial Valley Agrarias 65 58 Strike-Slip Soll
5 1979 Impenal Valley Brawley 65 85 Strike-Shp Soil
8 1979 imperial Valley £l Centro #10 65 86 Strike-Slip Soil
{4 1979 impenal Valley Holtville PO 65 15 Strike-Shp Sotl
8 1983 Coalinga PVPP 65 85 Reverse Soil
9 1987 Superstition Hill (B) Westmoreland 67 134 Strike-Slip Sail
10 1989 Loma Prieta Capitola 70 145 Oblique Soil
11 1989 Loma Prieta Gilroy #2 70 127 Obiique Soil
12 1989 Loma Prieta Gawvihan Coliege 70 116 Oblique Soil
13 1992 Landers Joshua Tree 1.3 120 Strike-Shp Sail
14 1992 Petroka Petrolia FS 71 10.0 Reverse Soil
15 1992 Petrolia Rio Dell 71 147 Reverse Soll
16 1971 San Fernando Pacoima Dam 66 28 Reverse Rock
17 1976 Gazii Gazl 68 30 Reverse Rock
18 1989 Loma Pneta Corralitos 7 51 Oblique Rock
19 1966 Parkfield Chalome #5 61 §3 Strike-Slip Soil
20 1966 Parkfield Chalome #8 61 92 Strke-Shp Soil
21 1972 Managua Esso 62 50 Strike-Shp Soit
2 1980 Mexicali Chihuahua 64 146 Strike-Slhp Soil
23 1980 Mammoth Lakes (A) Convict Creek 62 150 Strike-Slip Soil
24 1980 Mammoth Lakes (A) Mammoth H S 62 140 Strike-Sip Soil
25 1984 Morgan Hill Gilroy #4 62 128 Strike-Siip Soil
26 1984 Motm Hill Halls Valley 6 LL 34 Stnke—SlE) Soil
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3412 Soil Modeling

The native soil at the site consists of about 70 feet of terrace deposit (from Elevation
120 to Elevation 50'), underiain by approximately 900 feet of San Mateo sand. The San
Mateo Formation is a very dense well graded sand which exhibits some apparent
cohesion and high shear strength due to efficient grain packing. The San Mateo
formation at the site is quite uniform, with no significant continuous layering. In the plant
area, the top 70 feet of terrace deposit was completely removed, and plant grade is
established at about Elevation 30°. The maximum groundwater table at the site is at
Elevation 5', i e, about 25 feet below plant grade. All Seismic Category | structures are
founded on the San Mateo sand.

The shear wave velocity increases with depth as a result of increased confinement In
developing the low strain scil profile, the effect of the structura! weight on the effective
confinement pressure was considered. For near surface soil (i.e., upper 15 feet), the
average shear wave velocity measured was 930 fps. For the San Mateo Sand, the
shear modulus is related to the effective confinement by the following relation:

G=100K, 0,2 ... ., (Eqn 3-2)
where o, = 2/30,
o, = Overburden pressure in units of Ibs/ft?
K, = Dimensionless soil modulus coefficient which is a function

of void ratio and shear strain amplitude

Using equation 3-2, the low strain shear wave velocity profiles in the free-field and
under the various structures were computed and plotted in Figure 3 4-6. Included in the
calculation of effective confinement was the buoyancy of material below the water table
The buoyancy effect tended to reduce the effective confinement and led to decreased
shear moduli. The major structures are sited close together, resulting in overlapping of
stress fields generated by the foundation pressures. Therefore at some depth away
from the foundations, the distinction between the various soil profiles shown in Figure
3.4-6 diminishes. Note that a shear wave velocity of 930 fps is used for the near surface
soil, based on Rayleigh wave measurements.

For the purpose of the probabilistic response analysis, it was deemed sufficient to use a
single best estimate soil profile for the various structures, and to treat the effect of the
different structural bearing pressures as part of the uncertainty in modeling the soil
stiffness.
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3.4.1.3 Dynamic Soil Properties

Dynamic material properties of the foundation soils were determined from existing field
seismic surveys and laboratory cyclic triaxial tests. The effect of soil strain level and
degree of confinement on its shear modulus and hysteretic damping are summarized in
Figure 3 - -7.

3414 Strain Compatible Soil Properties

Site response analyses were performed for the SSE and 2xSSE earthquake levels to
establish median high strain soil properties. The computer program SHAKE [3-36] was
used for all analyses SHAKE is typically used to perform one-dimensional wave
propagation analyses using soil columns to represent the site profile. The site response
analyses for SONGS used the following input:

«  Soil column with low strain soil properties - The best estimate low strain soil
profile is based on the free-field profile shown in Figure 3.4-6

« Dynamic soil properties - Dynamic soil property curves for the San Mateo
sand are shown in Figures 3 4-7 and 3 4-8.

. « Honzontal component of ground motion - The ground motion in this case is an
artificial time history that matches the SONGS 2&3 mean horizontal UHS

« Control point location - The mean UHS is specified in the free-field at plant
grade (Elevation 30'), hence the control point is Elevation 30' of the free-field
soil column

The input motion was scaled to the SSE level and iterations were performed by SHAKE
to obtain strain-compatible properties. The process was repeated for the 2xSSE level

with the input motion scaled to a higher level Reference [3-37] documents the SHAKE
analyses

3415 Foundation Impedances and Wave Scattering Functions

The substructure approach to SSI analysis was used in this study and one element of
this approach is the development of foundation impedances and wave scattering
functions.

The foundation impedances describe the harmonic force-displacement characteristics of
the soil and are dependent on soil configuration and material behavior, the frequency of
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excitation, and the geometry of the foundation. For the assumption of a rigid foundation
the force-displacement characteristics are uniquely defined by a 6 x 6 matrix relating a
resultant set of forces and moments to the six rigid-body degrees-of-freedom. In
general, for linear elastic or viscoelastic material and a uniform or horizontally stratified
soil deposit, each element of the matrix, [K,()), is complex-vaiued and frequency-
dependent. Each complex element of the matrix can be thought of as a pair of
functions: the real part approximating the stiffness of the soil, and the imaginary part
representing the damping. For surface foundations at SONGS, the computer program
CLASSI [3-38] was used for calculating founcation impedances. For embedded
foundations, the approach was to first compute surface foundation impedances using
CLASSI, followed by applying a correction for embedment. The computer program
CYLREC [3-39] was used to compute the correction terms. The soil properties used as
input to impedance calculation were based on the best estimate soil profile compatible
with the SSE-induced strain level.

The scattering matrix [S()], relates the foundation input motion {U'(W)}, to the surface
free-field ground motion according to the following transformation:

{U'(w)} = [S(w)] {f(w)}

The vector {f()} is the complex Fourier transform of the free-field surface ground
motion. Thus, applying the scattering matrix to the free-field surface ground motion
yieids the foundation input motion. The foundation input motion differs from the free-
field ground motion in all cases, except for surface foundations subjected to vertically
incident seismic waves. First, the free-field motion varies with soil depth. Second, the
soil-foundation interface scatters waves because points on the foundation are
constrained to move according to its geometry and stiffness. For vertically propagating
seismic waves impinging on surface foundations, the foundation input motion is the
same as the free-field motion. Wave scattering functions for the embedded foundations
at SONGS were computed using computer program SASS! developed at the University
of California, Berkeley [3-40, 3-41]. The wave scattering calculations used 2-D plane
strain models subjected to vertically incident shear and compressional waves. In
general, two plane strain models per structure are required to represent vertical slices in
the N-S and E-W directions. If the foundation dimensions and embedment conditions
are similar for the N-S and E-W slices, then only one plane strain model is sufficient.

Details of the foundation models used for computing impedances and wave scattering
functions are described in Reference [3-33). Foundation impedances and scattering
functions were explicitly computed only for the SSE soil profile. The 2xSSE case was
obtained by scaling the SSE soil shear modulus and damping by average factors to
account for soil degradation at higher strain levels
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3416 Structure Models

The SSI analyses for SONGS 2&3 util zed the substructure approach as described in
Appendices A and B of Reference 3-33. The structure models required for this
approach are fixed-base and SSI effects are incorporated using foundation impedances
and wave scattering functions. Structure models developed for the original design
analyses and reported in the FSAR are representative of current procedures, and are
considered as best-estimate models for the purpose of this study. These structure
models typically corisist of lumped masses interconnected by beams or stiffness
matrices, and are three dimensional to capture any torsional effects. The original
analyses treated SSI by the “lumped parameter” approach. Therefore, the FSAR
models invariably include soil springs to represent the flexibility of the supporting media
These original models are in the format of either one of two structural analysis computer
programs used by Bechtel Corporation, called BSAP (a derivative of SAPIV) and
SUPERSMIS. SUPERSMIS uses 12x12 element stiffness matrices to represent the
interconnecting spring elements.

The fixed-base structure models were first reconstructed in either MODSAP [3-42 3-43]
or SUPERSAP [3-44] format, based on the original FSAR models. Wherever possible,
these reconstructed models initially retained the original soil springs for benchmarking
against the FSAR model. Benchmarking was accomplished by comparing the computed
natural frequencies Tables 3.4-2 3 4-3, and 3 4-4 illustrate the natural frequency
comparisons for the auxiliary building, containment structure, and diesel generator
building models. The fixed-b ise models were then readily obtained by removing the soll
springs. The FSAR models were reconstructed with essentially no changes to their
dynamic characteristics. In order to capture the effects of foundation rocking on vertical
responses, and foundation torsion on translational responses, additional massiess
nodes were added at the corners of floor slabs. At any given floor, these nodes were
rigidly linked to the center of mass of the floor slab.

In the case of the safety equipment building, the FSAR analyses used a large
plates/shell finite elemant model. This model was considered to be too elaborate for the
purpose of floor response spectra generation. Hence, a simpler stick model was
developed based on structural drawings.
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TABLE 3.4-2

P Timaelt T mmma——The
Current Orig
Mode #| Model Fixed
(Hz) X Y 4 XX YY - 4 Base
RN S e ——————————e L
1 10.14 | 6575 1.38 0.00 0.82 3948 11.98 10.14
2 10.36 1.30 83.34 0.10 §1.38 080 0.00 10 36
3 1210 | 1560 0.06 0.00 005 961 7279 | 12.10
4 20.76 003 8.07 811 270 0.03 008 | 2076
5 2224 7.99 0.03 264 0.10 6.85 078 | 2224
6 2.73 0.46 003 4849 312 0.00 056 | 2273
7 2333 | 000 0.00 0.03 004 0.01 007 | 2332
8 24 02 0.79 0.01 0.57 0.07 9.89 169 | 24.01
9 2480 | 006 073 2.31 0.07 0.09 515 | 2480
10 2694 | 064 0.00 0.06 007 2303 020 | 2693
11 29.33 0.00 2.18 1571 1803 003 030 | 2933
12 3189 | 0.01 203 590 1517 000 008 | 3189
13 3274 3.10 0.02 0.01 0.00 0.07 042 3274
14 36.11 1.08 0.00 0.02 0.03 0.06 339 | 3611
15 4313 0.00 0.70 0.0 0.03 0.00 004 | 4312
li Total % Mass 9681 9857 5394 9166 8994 9754 (Ret. [345]
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TABLE 3.4-3
BENCHMARKING OF CURRENT MODEL AGAINST FSAR MODEL FOR
CONTAINMENT/INTERNAL STRUCTURE (WITH SOIL SPRINGS)

Frequencies (Hz) Frequencies (Hz)
Mode #| Current Model FSAR Model
1 1.70 1.70
2 1.71 p 27 2152 2160
3 256 2.56 28 21.87 21.82
4 263 263 29 21.99 22.01
5 2863 263 30 22.05 2213
6 335 3.35 31 2219 2228
T .37 3.37 32 22.36 22.40
8 8.51 852 33 22.38 2242
a 8.60 860 34 2244 2260
10 9.70 974 35 2273 22.88
11 11.24 11.24 36 22.98 23.28
12 11.78 11.85 37 23.51 2378
13 12.95 13.00 38 24 50 24 56
. | 14 13.96 14.00 39 29.54 30.36
15 15.92 15.97 40 30.03 3147
16 16.78 16.79 41 31.39 31.78
17 17.22 17.23 42 31.57 31.96
18 17.23 17.56 43 31.80 32.01
19 18.19 18.29 44 31.92 32 .41
20 18.56 18 69 45 32.13 32.78
21 1857 18.72 46 3272 3348
22 18.66 18.85 47 33.77 34 24
23 1917 19.56 48 3534 3594
24 20.28 20.29 49 35.96 3598
25 21.07 21.08 50 36.01 36.15
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TABLE 3.4-4

BENCHMARKING OF CURRENT MODEL AGAINST FSAR MODEL
FOR DIESEL GENERATOR BUILDING (WITH SOIL SPRINGS)

==

-
Frequencies (Hz) T
Mode Current Model Original Model
e —
1 337 3.38
2 3.38 339
3 414 414
4 425 426
5 578 578
6 .37 6.38
7 2867 28.73
8 3357 3359
g 34 49 34 63
10 4222 4223
S —
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3417 Probabilistic Response Analyses

In the final step of the probabilistic response analyses procedure, the various elements
of the substructure approach previously discussed were combined to calculate
probability distribution on structure loads and in-structure response spectra. The
probabilistic approach is based on work performed under the Seismic Safety Margins
Research Program (SSMRP [3-45]) and it involves multiple earthquake simulations For
SONGS, 26 deterministic SSI analyses were performed using the free-field ground
motions described in Section 3.4.1.1. For each analysis or earthquake simulation, key
structure and soil parameters were randomly sampled from assumed lognormal
distributions. The sampling procedure was based on the Latin Hypercube experimental
design described in Reference [3-46] The parameters that were varied during the SSI
simulations, and the assumed coefficient of variation (COV) of the lognormal
distributions for each parameter are:

Soil Shear Modulus 0.50
Soil Damping 0.60
Structural Frequency 0.25

r | Dampi 035

These assumed COV's are based on previous work and expert judgement. They
include all modeling and random uncertainty in the estimation of the best estimate
values. The most important parameter for the SONGS analyses is the soil shear
modulus variability. Soil test data was reviewed and expert opinion applied to estimate
the variability for this parameter. Table 3 4-5 lists the experimental design generated
using the above COV's for each parameter.



SONGS 2/3 Individual Plant Examination of External Events

TABLE 3.4-5:

LATIN HYPERCUBE EXPERIMENTAL DESIGN

Structural Damping|

m Soil Shear | Soil Damping|  Structural |
: =111 LARTOT Mﬁdulm F 2QuUe

1 0.41531 0.24387 0.55858 0.53840
2 0.44748 0.37700 0.65849 0.59583
3 0.52998 048711 0.73401 0.64530
4 061121 0.56221 0.77319 0.68324
S 0.65568 0.60170 0.78828 0.71011
6 0.68080 0.64100 0.8152 0.76622
7 0.72397 0.69238 0.85286 0.80059
8 0.77804 0.72565 0.88301 0.83650
9 0.79807 0.77455 0.89955 0.86135
10 0.83990 0.82789 0.91191 0.88341
11 0.89453 0.85040 0.94433 0.92129
12 0.92744 0.93574 0.97451 0.93873
13 0.99229 0.96678 0.98536 0.99246
14 1.00070 1.04790 1.02154 1.00973
15 1.06045 1.05574 1.04524 1.06020
16 1.10800 1.14213 1.05048 1.08990
17 1.17232 1.24214 1.08028 1.11029
18 1.22003 1.24881 1.12966 1.18234
19 1.30174 1.39971 1.14352 1.21636
20 1.41034 1.42538 1.17069 1.26241
21 1.43055 1.59621 1.19962 1.32435
22 1.58448 1.68884 1.25786 1.37524
23 1.75420 1.79050 1.29714 1495184
24 1.95477 2.20479 1.3495 1.61658
25 2.19660 2.27749 1.49709 1.77849
26 276170 3.36624 1.67739 2.02865
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342 RESULTS FOR STRUCTURES

As discussed in Section 3.4.1.1, the structures were analyzed for two earthquake levels
SSE and 2xSSE. The response quantities of interest recovered from the multiple
earthquake simulations included peak accelerations, maximum member forces, and fioor
acceleration time histories. These yuantities were needed for fragility development. In
addition, maximum foundation loads were also computed Floor acceleration time
histories computed for each of the 26 simulations were post-processed into 5% damped
floor response spectra. For each location, the spectral accelerations were arranged in
ascending order and the median and 84th percentile values extracted. In a similar
manner, maximum member forces were recovered and post-processed into median and
84th percentile values. The results were documented in Reference [3-33]. Tables of
maximum response quantities, and plots of 5% damped floor response spectra are
contained therein. The plots display smoothed median spectral values as well as
smoothed logarithmic standard deviations.

The comparison of the current median-centered floor response spectra against the
original FSAR results indicates the level of conservatism in the FSAR analysis. The
comparison was performed for the auxiliary building and the diesel generator building
The auxiliary building is large and houses many critical equipment items, and is
embedded to some extent. The diesel generator building (DGB) represents the other
extreme; it is light and founded on the surface. Hence, SSI effects on these two
structures are indicative of trends for th.e other SONGS structures.

Figures 3.4-9, 3.4-1C, and 3.4-11 compare responses at the basemat of the auxiliary
building. The lumped parameter approach of the FSAR analysis restricted soil material
and radiation damping to 10% of critical even though the theoretical damping of 46% for
the translational mode was computed. In the current analysis using impedance
functions. no restriction was placed on the soil damping, which is calculated to be about
52% of critical for the fundamental coupled translation/rocking mode. It is observed in
Figures 3.4-S and 3.4-11 that the soil-structure system is very effective in filtering out
high frequency contents in the free-field ground motion. This is to be expected for a
highly damped soil-structure system with fundamental system frequency less than 2 Hz
Using the median-centered approach, a ground excitation level of twice the SSE
resulted in structural responses that are lower than the original DBE floor spectra for
frequen~ies below 2.5 Hz. At higher frequencies, the 2xSSE median response spectra
are only slightly higher than the original design basis. In an approximate sense, the
median-centered approach almost reduces the FSAR results by 50% in the horizontal
direction. However, in the vertical direction, a different scenario is observed. Due to the
shift in frequency content of the vertical UHS ground spectrum, a corresponding shift in
the basemat response spectrum is seen (see Figure 3 4-11). As a result, the vertical
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2xSSE median spectrum is well above the original design basis at higher frequencies.
The above trends hold true for higher elevations within the auxiliary building (see
Figures 3 4-12, 3 4-13, and 3 4-14 for E|. 63.5).

For the surface founded DGB, the foundation did not filter the free field input motion as
effectively as the auxiliary building. It may be seen in Figures 3 4-15 and 3 4-16 that the
horizontal free-field input motion is transmitted to the basemat of the DGB almost
unfiltered For this building, the 2xSSE median response spectra in the horizontal
directions are generally somewhat higher than tiie original design basis. In the vertical
direction (see Figure 3.4-17), the shift in floor response spectra to higher frequency is
once again observed. The DGB basemat is more effective in attenuating the high
frequency content in the vertical ground input, again due to high soil damping for the
vertical mode

For the other embedded structures (containment, safety equipment building, intake
structure), the SSI effects are more pronounced than for the surface founded structures.

3.5 EVALUATION OF COMPONENT FRAGILITIES AND FAILURE MODES

351 METHODOLOGY

Seismic fragilities of structures and equipment were estimated using the methods
described in EPRI “Methodology for Developing Seismic Fragilities,” [3-47] The seismic
fragilities were developed in terms of the average spectral accelerations in the 1 to 10
Hz frequency range. The three fragility parameters A Bg, and B, have been calculated
for various components deemed to be critical and most vulnerable to failure during a
seismic event,

3.5.1.1 Structure Fragilities

Seismic fragilities of important structures were estimated using the results from the
probabilistic response analysis described in Section 3.4. Structures are considered to
fail functionally when inelastic deformations of the structure under seismic loads are
sufficient to interfere with the operability of safety-related equipment attached to the
structure. These limits on inelastic energy absorption capability (ductility limits) chosen
for structures are estimated to correspond to the onset of significant structural damage
For each structure, the seismic fragilities are described in terms of the median 5 percent
damped free field spectral acceleration A and random and uncertainty logarithmic
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standard deviations Bz, and B, . The factor of safety is defined as the ratio of the free
field spectral acceleration capacity, to the 2XSSE reference earthquake acceleration
used in the structure response analyses [3-33]

The factor of safety for the structure capacity F,, consists of the following parts

1 The strength factor, F , based on the ratio of actual member strength to
the reference earthquake forces

2 The inelastic energy absorption factor, F | is related to the ductility of the
structure and to the earthquake magnitude range that is believed to
contribute most to the seismic risk.

The factor of safety, F. , related to building response was determined from a number of
variables which include.

1 The response spectra used as the basis for analysis

2 Damping used in the analysis compared with damping expected at failure
3. Modal combination methods

4 Combination of earthquake components.

5 Modeling accuracy.

6. Soil-structure interaction effects.

Median factor of safety, F, and variability, Bz and B, , estimates were made for each of
the parameters affecting capacity and response. These median and variability
estimates were then combined using the properties of the lognormal distribution to
obtain the overali median factor of safety and variability estimates required to define the
fragility curve for the structure

3.5.1.2 Equipment Fragilities

Equipment seismic fragilities were estimated using the methods described in EPRI's
report on the “Methodology for Developing Seismic Fragilities” [3-47]. Fragility analyses
were performed on equipment that were qualified either by testing or analysis
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3 5.1.3 Relay Fragilities

Relay fragilities were calculated by using relay test results and Generic Equipment
Ruggedness Spectra (GERS) from EPRI. Appropriate in-cabinet amplifications were
generally determined from specific equipment tests. When test data was not available,
generic amplifications were used or specific factors were calculated

352 SCREENING RESULTS

A large number of components has been determined by earthquake experience to be
seismically rugged when properly anchored and when other criteria are met. For
example, valves such as motor-operated valves have been found to have high seismic
capacity if the associated piping and valve are properly supported and when the weight
of the operator, operator length, and pipe diameter relations are kept within certain
experience parameters. These caveats and anchorage criteria are specified in EPRI's
Seismic Margin Methodology [3-24] and the seismic capacity walkdown used approved
worksheets to verify these criteria are met. Based on walkdown findings and seismic
capability engineering evaluations, many of the components were screened out from
further fragility analysis because they have high seismic capacity. These screened out
components are denoted by an “S” in the Spectral Acceleration (SA) column in Table
3.1141

353 DETAILED FRAGILITY RESULTS

The seismic fragilities are summarized in the Seismic Equipment List in Section 3.11

354 SOIL LIQUEFACTION

The potential for ground (soil) failure was evaluated through the collection and review of
pertinent documents and re-analysis for high ground acceleration shaking levels. The
analysis focused on four key soil-related issues

1 Ground failure of San Mateo sand in plant area;

2 Liquefaction of filled cavities adjacent to or beneath important structures
that formed in the San Mateo sand during dewatering;




3.
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Offshore conduit blockage due to conduit separation and backfill inflow
caused by buoyancy during liquefaction of dumped fill, and

Cut slopes in native soil deposits adjacent to critical piant facilities

The conclusions are summarized as follow

1.

Ground Failure. Ground failure, including liquefaction, bearing failure, lateral
spread, or earthquake-induced settlement, is not expected to occur in the San
Mateo sand at the 5 4g average spectral acceleration ground shaking level and
would not likely occur at greater shaking levels. The San Mateo sand is
considered to be a dilative material within the range of depths considered to be
important in the plant area. The potential for ground failure was evaluated by
considering the material behavior of the sand based on analysis of measured in
situ densities, measured blowcounts, cyclic laboratory strength tests, and the
results of other studies. These data were also compared with findings from the
response of sands during earthquakes and the results of other laboratory studies
were used as supporting evidence. Specifically.

The range of strain-compatible shear moduli at the 5 4g average
spectral acceleration shaking level were found to fall within the range
used in the SSI as shown on Figure 3 .5-1

The distribution of dry densities indicates that 95 percent of the in situ
densities have a relative density of 100 percent (or greater) and are cver
100 percent modified relative compaction as shown on Figure 3.5-2. At
this density, the limiting (maximum) shear strains are expected to be
negligible as shown on Figure 3.5-3

The minimum (N, )e 1S 49 and 50 percent of blowcounts exceed 100
blows per foot as shown on Figure 3.5-4. The full range of (N,),, are
well beyond the threshold for liquefaction as shown on Figures 3.5-5 and
3.5-6. The volumetric strain is also negligible for this range of (N, ), as
shown on Figure 3.5-7.

The results of stress- and strain-controlled cyclic triaxial tests sampled
San Mateo sands are consistent with the results of other studies and
show that the native San Mateo sand under in situ conditions will have a
negligible limiting strain as inferable from Figures 3.5-8 and 3.5-9
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. The results of other laboratory and field studies indicate that at high
cyclic stress ratios the relationship with (N, ), is asymptotic and that very

dense sands are stroiigly dilative, as shown on Figures 3.5-10 and 3 5-
11

Liguefaction of Filled Cavities. The stability of cavities has been conservatively
analyzed for DBE level seismic shaking. The evaluation of the effects of 5 4g
average spectral acceleration seismic shaking were found to be accommodated
by the previous structural analysis and have negligible effect (well within range of
the dynamic analysis) on the seismic response of structures as shown in

Tabie 3.5-1.

Offshore Conduit Blockage Conduit blockage was found not to be credible
during or after 5.4g average spectral acceleration seismic shaking during
minimum SWC operational conditions (i.e., one SWC pump per conduit). This is
because the water velocity in the conduits would be high enough to prevent
blockage of the conduit by erosion of sand material entering the conduit before
the sand reached a depth of 11 to 14 feet as shown on Figure 3.5-12.

Stability of Cut Slopes. As shown on Figure 3.5-13, some permanent
displacements within the terrace deposits could occur in cut slopes surrounding
the plant area. Simplified relationships indicate that the 2.1 slopes to the east of
the plant area (about 25 feet from the fuel handling building) could experience
displacement on the order of 1/4 to 1-1/4 feet when subjected to the seismic
shaking of 5.4g average spectral acceleration. The magnitude of the estimated
movement would not produce adverse effects on the operation of this structure
The permanent displacements calculated for the 1/2:1 slopes to the northeast
range from % to 3-1/4 feet. Considering the fact that these slopes are more than
140 feet from the closest critical facility, this range of displacement would have
no effect on criticai facilities.
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TABLE 3.5-1
SUMMARY OF MAXIMUM EFFECTS OF CAVITIES ON STRUCTURES
Maximum Decrease of Total
Basemat Dynamic Stiffness”
(percent)
Structure Weil No. Translation Rocking
4-=-—4L == — *Ta
Containment Unit 3 8 4 5
Auxiliary Building 6.7 2 2
Fuel Handling Building Unit 2 6 <1 3
Fuel Handling Builaing Unit 3 7.8 l <1 8

3.6 ANALYSIS OF PLANT SYSTEMS AND SEQUENCES

This section describes the process and results used to quantify the seismic-induced
core damage frequency for SONGS 2/3 and is organized into the following subsections

36.1
362
363
364
36.5
366
36.7

368
369

Methodology

Seismic Event Tree

Input Information

Human Reliability Analysis (For Seismic Related Failures)
Nodal Equations

Quantification of Seismic Damage States

Non-Seismic Failures and Human Reliability Analysis (For
Random Failures)

Overall Quantification Results

Sensitivity and Uncertainty Analysis

Tier 2 documents contain the detailed relay chatter evaluations, computer code output
files, conditional core damage probability calculation files and sensitivity/uncertainty
analysis files.
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361 METHODOLOGY
The purpose of this portion of the analysis is to.

. delineate the potential seismic-induced structural and equipment failure
scenarios that could occur after a seismic event,

. quantify the frequencies of these seismic damage scenarios,

. quantify the conditional core damage probabilities for these scenarios,
including non-seismic failures and human interactions, and

. quantify the overall frequency of seismic-induced core damage.

Traditional event tree techniques were used to delineate the potential combinations of
seismic-induced failures and resulting seismic scenarios which were termed "seismic
damage states." The frequencies of these seismic damage states were quantified by
convolving the SONGS site-specific mean earthquake hazard curve with the structure
and equipment seismic fragility curves. This quantification included dependent and
correlated failures and appropriate success states. For those scenarios that required
additional non-seismic failures to occur to result in core damage, the IPE internal events
mode! (event trees and fault trees) was used to develop conditional core damage
probabilities (CCDP) with appropriate changes given the seismic damage state while
incorporating random failures of equipment and operator actions. The overall seismic-
induced core damage frequency (CDF) was then quantified from these intermediate
results. The seismic risk quantification procass is shown in Figure 3.6-1

36.2 SEISMIC EVENT TREE
This section describes the development and structure of the seismic event trees

36.2.1 Development of the Seismic Event i rees

The seismic event tree (SET) was developed to delineate the potential successes and
failures that could occur due to a seismic event based on the structures/components
and relays/switches listed in Tabies 3.6-1. The SET is depicted in Figure 3.6-2 and the
event headings and seismic damage states are discussed below
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The selection of event tree nodes and their order in the event trees was based on the
following considerations. First, from a review of the fragilities, it was clear that the
fragilities associated with loss of offsite power were much lower than other components
and structures. Therefore, the first event tree node addresses whether offsite power
remains available or is lost due to the seismic event

The next node is a potential seismic-induced anticipated transient without scram event
(ATWS). While all reactor scram equipment have high capacity, the relatively large
uncertainty parameters for the reactor vessel internals caused this equipment to be
slightly above the screening criterion of 1E-7/year. Some ATWS situations can be
mitigated, depending on the moderator temperature coefficient, reactivity conditions in
the fuel, and availability of emergency boration and heat removal. The ATWS node only
includes seismic failure of reactor vessel internals with ATWS mitigation features
included in a following event tr<e node.

The next step in SET development is different than internal events event tree
development since support systems and structures are included as top events for the
SET. Seismic events that lead directly to core damage are positioned toward the front
of the SET to reduce the number of sequences that are needed Those events that
damage critical support systems are typical of direct seismic core damage sequences
Therefore, the next SET nodes are loss of instrumentation and control, loss of 125VDC
buses, and loss of the emergency diesel generators

The seismic-induced small Loss of Coolant Accident (LOCA) event tree node was
initially placed before the emergency switchgear node since it had not been determined
whether emergency switchgear/inverter room cooling success criteria would be
impacted by the electrical loads required to mitigate a LOCA event. Subsequent
analysis showed that the switchgear/inverter room cooling is not impacted by LOCA
loads. The condensate storage tanks (CST) node, which is required for Auxiliary
Feedwater (AFW) success, was placed before the Component Cooling Water (CCW)
and Saltwater Cooling (SWC) since AFW success in a non-LOCA sequence would be
sufficient to prevent core damage. The safety injection and emergency boration node is
required for a seismic-induced LOCA or ATWS. CCW and SWC precedes the safety
injection node since long term Emergency Core Cooling System (ECCS) requires CCW
and SWC.

The last node on the SET is failure of the turbine-driven AFW pump. This node does
not lead directly to core damage, since the motor-driven AFW pumps may be available
It is only addressed on sequences with success of the CST node
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Potential impacts of seismic-induced relay chatter are included in the SET nodal
equations for the relays which did not meet the seismic capacity screening criteria.
These relays are listed in Table 3.6-1. The operator actions to correct relay chatter are
also included as appropriate. These actions are discussed more in Section 36 3

Only the seismic-induced impacts are treated in the SET; therefore, success of
equipment in the SET does not imply success from non-seismic causes of failure. Non-
seismic failures, such as random failure of a pump or an operator error, are evaluated in
the internal events model and are included in the overall quantification.

36.22 SET Top Events
The definitions of the top events in the SET are as follows:
Top Event Success/Failure Description

S Seismic event greater than 0.25g average spectral ground acceleration,
which is approximately 0.1g peak ground acceleration.

oP Offsite power remains available. Failure is the loss of power to the
emergency 4kV buses (A04 and A06) from offsite power sources (which
includes the reserve auxiliary transformer and switchyard).

IN Instrumentation and control remains available. Success implies that the
operators are able to control equipment from the main control room with
instrumentation and controls available. Failure implies severe loss of
instrumentation and control which is conservatively assumed to lead to
core damage.

DC DC power is available. Failure leads to loss of control power and
instrumentation for many components, including the emergency diesel
generators. The turbine-driven auxiliary feedwater pump (TDAFWP)
may be available for secondary heat removal, however, without DC
powered steam generator (SG) level indication, AFW was conservatively
assumed to fail with consequential core damage.

DG Emergency electric power is available to the equipment served by the
emergency diesel generators (DG). Failure implies an immediate station
blackout (SBO). The TDAFWP may be available for reactor coolant
system (RCS) heat removal However, eventual battery discharge and

3-78



‘ SONGS 2/3 Individual Plant Examination of External Events

loss of SG level instrumentation results in loss of AFW control with
consequential core damage.

SL No seismic-induced small LOCA occurs. Failure implies a small LOCA
(less than 2" equivalent diameter) has occurred due to the seisinic
event. This could be caused by multiple failures in the small instrument
lines connected to the RCS. The safety injection function is required to
mitigate a seismic-induced small LOCA (Larger LOCAs were screened
based on strong seismic ruggedness. )

SWR The emergency 4kV and 480V switchgear and MCCs are available.
Failure results in a situation similar to station blackout with only battery
power initially available. Although the TDAFWP may initially be
available, it i1s conservatively assumed that loss of the batteries and SG
level indication will result in core damage.

CST CST121 and CST120 are available. Both tanks are required to supply
water to the AFW pumps for long term decay heat removal, therefore,
failure of either tank results in AFW failure and consequent core damage
occurs. This is conservative since either tank can provide adequate

‘ feedwater for several hours before cooling down and depressurizing the
primary system so that shutdown cooling can be initiated. However, this
cooldown is conservatively not modeled

CcC CCW and SWC are available. Failure of CCW and SWC results in
failure of cooling for the safety injection pump lube oil coolers, shutdown
heat exchangers, and the emergency chilled water (ECW) system.
Although AFW may be available for some time, eventual loss of
switchgear/inverter room cooling (which is dependent on ECW) results
in loss of DC power. Loss of instrumentation, which depends on DC
power, is assumed to result in consequential core damage.

RW Refueling water storage tank (RWST) available for injection or
emergency boration. Success implies post-seismic availability of the
RWST to provide borated water for safety injection to mitigate a smail
LOCA or for emergency boration operations in the event of an ATWS.
Failure implies loss of these functions as well as loss of containment
sprays. There are different nodal equations depending whether it is
associated with a SLOCA or ATWS sequence. In an ATWS, the nodal
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equation also includes the non-seismic failure associated with
unfavorable moderator temperature coefficient and early cycle reactivity
conditions.

™ Turbine driven AFW pump available [ ailure implies that the TDAFWP
I8 not available for decay heat removal. Loss of the TDAFWP does not
lead directly to core damage since other non-seismic failures must
occur

363 INPUT INFORMATION

As discussed above, site-specific data was collected and incorporated into the Seismic
Event Tree. This data includes the SONGS site-specific mean earthquake hazard curve
and structural and equipment seismic fragility curves

36.31 Seismic Hazard Curve

The methodology and results of the site-specific SONGS 2/3 seismic hazard curve
development task were described in Section 3.1.1. Table 3 1-4 lists average spectral
ground accelerations (0 5 -25 Hz) for the range of exceedance frequencies considered
in this analysis

As described in NUREG-1407, mean acceleration values were used in this analysis to
identify any potential seismic vulnerabilities. Peak ground spectral accelerations (S,),
averaged over the spectral frequencies from 1 to 10 Hz, were used as the ground
motion parameter since this parameter is judged to be more appropriate than the peak
ground acceleration. The seismic hazard curve was quantified out to 8.0g S,, which
corresponds to an exceedance frequency of 1E-7/year. Further integration would not be
significant to overall seismic core damage frequency and would not impact identification
of dominant sequences, failure modes, or potential vulnerabilities.

3.6.3 2 Structure and Equipment Fragilities

The development of the seismic-induced failures that are incorporated into the
quantification are discussed in Sections 3.4 and 3.5 Table 3 6-1, Seismic Structures
and Equipment Fragilities, provides a summary of fragilities for those structures,
equipment, relays and process switches that were not screened out as described below
and included in the seismic model. As discussed in Section 3.2, plant systems and
components providing safety functions to prevent core damage and safety functions of
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containment integrity, pressure suppression, heat removal, radioactivity removal, and
isolation were included In this analysis

Components and structures were screened from further analysis if their mean frequency
of seismic failure was less than 1E-7/yr. This equates to a component or structural
fragility of approximately 8 Og with uncertainty parameter values for 8, and 3, of 0.30
Most structures and components included on the walkdown list were screened out
based or their high seismic capacity. Since any component or structure that contributes
less than 1E-6/yr to the core damage frequency is unlikely to be considered a potential
vulnerability, this criterion (1E-7/year) is considered to be conservative

36.3.3 Relay ar d Process Switch Chatter Analysis

An extensive reiay and process switch chatter analysis was performed for the SONGS
2/3 seismic IPEEE, with the following steps

Develop a comprehensive list of relays and process switches associated
with equipment needed to mitigate post-seismic events and maintain hot
shutdown

Perform a relay and process switch chatter evaluation to determine if
chatter would be acceptable, if operator actions would be required, or f
chatter is unacceptable

Determine the seismic capacity of the relays and process switches that
were not chatter acceptable

Screen out relays and process switches whose capacity would result in a
seismic failure frequency of less than 5E-7/year. The relay and process
switch chatter criterion i1s higher than the structure/equipment criterion
because chatter impacts are very likely to be mitigated by operator
actions thus reducing the potential core damage frequency from a
seismic damage state caused by chatter

Incorporate relays and process switches into nodal equations if they
require operator action to mitigate their impact or are chatter
unacceptable

Over 1500 relays and 65 process switches were included in the chatter analysis task
with the result that most relays and switches were screened out based on chatter

& ;8
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acceptability or high seismic capacity. These results and the chatter evaluation forms
are contained in the Tier 2 documentation. Those relays and switches that were not
screened out are listed in Table 3 6-1 and were included in the nodal equations in
Section 36.5

3.6.3.4 Seismic Dependencies

Seismic failures between similar redundant components (components in parallel) are
conservatively considered completely dependent. Seismic failures among similar
components which function in series are considered to be comgpletely independent

As with other components, those relays that are of the same type and located within a
similar panel, with the same function are treated as totally correlated failures. That is, if
the relay for train A fails during a seismic event, the relay for train B is also assumed to
fail. This dependency is also modeled for shared systems between Units 2 and 3
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TABLE 3.6-1
SEISMIC STRUCTURES AND EQUIPMENT FRAGILITIES
- ) omt Doscption o ponont D |
RATR1-2 Reserve Auxiliary Transformers S21804ETXR1 0.52 03 0.4
S21804ETXR2
SWYD Switchyard - 074 02 | 034
PPMUTK Primary Plant Makeup Tanks $21203MT055 303 | 02 02
$21203MT056
SWCGATE SWC Discharge Conduit Gate - 4 02 02
SLOCA Smali LOCA - 4 035 | 035
MCCS Motor Control Centers S21805ESBD 452 | 037 0.29
S21805ESBE
S21805ESBH
S2180SESBJ
S21805ESBQ
$21805ESBRA
S21805ESBRB
S21805ESBS
S21805ESBY
S21805ESBZ
480SWGB04-6 480V Switchgear S21805ESB0O4 $:1 03 | 028
$21805ESB06
AUXBLDG Auxiliary Building - 542 | 039 | 026
AFWGOV4700 | TD AFW Pump Governor Valve 2SV4700 562 | 036 | 0.28
CCWHXE001-2| CCW Heat Exchangers §21203ME001 712 | 036 | 0.25
S21203ME002
ECE335-6 Emergency Chiller Units SA1513ME335 724 | 028 | 033
SA1513ME336
SEBLDG Safety Equipment Building — 7.8 037 | 025
RXINT Reactor Internals - 8 03 025
C8T120 Condensate Storage Tank (Outer) $21305MT120 844 | 035 | 025
csT121 Condensate Storage Tank (Inner) S21305MT121 8.7 036 | 042
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TABLE 3.6-1
SEISMIC STRUCTURES AND EQUIPMENT FRAGILITIES

Basic Event Component Doscrlptlon Component ID m“-1

| RWSTOOS—G Refuehng Water Storage Tanks SZ1204MT005 042
§21204MT006
RECIRC Recirculation Sump Bellows N/A 48 05811 018
CCWBELL CCW Pump Room Bellows N/A 12.18| 064 | 0.30
R112 DG Field Excitation GE / HFA151 386 | 035 | 0.28
R132 DG Protection, Field Overexcitation | Basler/ BE-2-40 386 | 035 | 028
R133 DG Protection, Field Overexcitation Eagle/HP-51-196 386 | 035 | 0.28
R122 DG Protection, Stator Ground GENAV 679 | 030 | 0.28
R123 DG Protection, Loss of Excitation West /CEH 679 | 030 | 0.28
R124 DG Protection, Volt Restraint O/C GE /lJCV 679 | 030 | 0.28
R125 DG Protection, Volt Restraint O/C GE /JCV 679 | 030 | 0.28
R126 DG Protection, Volt Restraint O/C GE /JCV 679 | 030 | 0.28
R127 DG Protection, Reverse Power GE /ICW 679 | 030 | 0.28
R128 DG Protection, Reverse Power GE /ICW 679 | 030 | 0.28
R129 DG Protection, Reverse Power GE/ICW 6.79 | 0.30 | 0.28
R135 DG Protection, Negative Phase GE /INC 679 | 030 | 0.28
R21 CVCS Pump Start/Trip GE / HFAS1 439 | 034 | 023
R64 Battery Charger Protection, Hi Volt R10E3286-2 601 | 030 | 028
R81 Switchyard Protection Various 074 | 020 | 034
R91 CCW Heat Exchanger Discharge AGA /7022 538 | 036 | 023
S11 DG Crankcase Pressure High Eng #1 | SOR / 38 037 | 035
12NWBEN4C1AJJTTX
S§12 DG Crankcase Pressure High Eng #2 |SOR / 38 037 | 035
12ZNWBEN4C1AJITTX
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TABLE 3.6-1
SEISMIC STRUCTURES AND EQUIPMENT FRAGILITIES
Basic Event Component Description Component ID S,(9)| Br By
813 DG Qil Pressure Low Eng #1 SOR/ 38 037 | 0.35
NEBBSNXC1AJJTTX12
S14 DG Oil Pressure Low Eng #2 SOR/ 38 037 | 035
MNEBBSNXC1AJJTTX12
S15 DG Cooling Water Temp HiEng#1  |SOR/ 38 037 | 035
ROXNEBB125JJTTX6
S16 DG Cooling Water Temp HiEng #1 [SOR/ 037 | 035 | 035
ROXNGEBB125JJTTX6
= = -

364 HUMAN RELIABILITY ANALYSIS (FOR SEISMIC RELATED FAILURES)

3.64.1 Methodology

The human reliability analysis (HRA) for the seismic IPEEE is iarnely based on the
techniques, results and experience gained in completing the HRA for the SONGS 2/3
IPE [3-48]. The methodology relied largely on the Accident Sequence Evaluation
Program (ASEP) methodology presented in NUREG/CR-4772 [3-49] The HRA has two
aspects: pre- and post-initiator operator actions. The pre-initiator operator actions,
which are in the SONGS 2/3 IPE model, were not modified for the IPEEE. There are two
types of post-operator actions: 1) actions which mitigate random, non-seismic failures
and 2) actions that mitigate seismic-induced failures

All operator actions were quantified using the ASEP method [3-49]. However, these
operator actions (including actions in response to random, non-seismic failures) are
impacted by seismic stress. To account for seismic effects on the operators, the
operator action failure probabilities are modified by muitiplying the operator failure
probability with the appropriate seismic performance shaping factor (PSF).

The success of operator actions can be affected by seismic factors such as:

. severity of the seismic event,

. stress level of the operators,
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. time required and time available to perform operator action, and
. location where operator actions are required.

A high severity seismic event may knock the operator to the ground, knock books off
control room desks, and temporarily shock the operator Lower severity events, such as
seismic events where offsite power remains available, are not expected to affect the
operators. Except for offsite power available sequences (where PSFs are set to 1.0),
this analysis utilizes developed performance shaping factors (which assumes a high
severity seismic event) given in Table 3.6-2.

The stress of the operator is assessed within the time/stress model of the ASEP
calculation and not addressed within the seismic PSF.

Operator actions performed in the short-term following the seismic event are much moie

likely to be impacted. The decisions and execution of operator actions in the short-term

must compete with other potentially distracting factors such as injuries to other

personnel, confusion, shock, concerns for family, etc. Therefore, the PSFs are weighted

higher for the first twenty minutes following the event. After the first twenty minutes and

within the first hour, these factors should be reduced but will still have a significant

residual impact. After an hour, the initial shock factors will have subsided, other staff ‘
are likely to be available to provide assistance, decision-making and execution of

operator actions are more likely to be completed properly

The location of where the operator must complete the required recovery actions may
impact the likelihood of success. That is, although the operator is comfortable outside
of the control room and knowledgeable of the piant, the majority of the operator's time is
spent working in the familiar surroundings of the control room. After a seismic event,
the operator is likely to be more oriented and in control of the plant status when in the
control room than if he were out in the plant. In the control room, operator actions
consist of manipulating switches ard controls. Damage to the control room is iikely to
be less severe than in the plant. In the plant, the operator is expected to manually
manipulate equipment near areas where non-seismically qualified equipment may have
failed and fallen making it more difficult for the operator to complete the required
actions. To account for the location of operator actions, the PSF for ex-control room
actions are significantly greater than in-control room actions.
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TABLE 3.6-2
SEISMIC PERFORMANCE SHAPING FACTORS

Seismic IPEEE short time period
Performance Shaping (t < 20 min)
Factors ___

medium time period long time period
(20m<t<80m) (1hr<t<24hr)

In control room action 10

H Ex-control room action 30 10 5 u

3642 Recovery Actions for Seismic Related Failures and Relay Chatter Effects

Based on the existing procedures and discussions with simulator and training staff,
viable recovery actions were identified for all non-screened relays and process
switches. However, operator actions for the recovery of the effects of chattering of
reiays associated with offsite power were conservatively excluded from the analysis
(1L.e  non-recoverable). For all other non-screened relays and process switches, three
operator actions were analyzed and included in the nodal equations

In addition to the operator actions required to mitigate the effects of relay and process
switch chatter, operator actions for the recovery of the effects of component seismic
integrity failures were also analyzed. Three operator recovery actions were identified
and analyzed in association with the seismic failure of the following components: a)
primary plant makeup tank which provides makeup to the component cooling water
system; b) emergency chiller units which provide cooling to the emergency switchgear
and distribution rooms; and ¢) saltwater cooling discharge conduit heat treat gate whose
failure could block return flow out to the ultimate heat sink.

Table 3 6-3, Seismic Operator Actions, summarizes the operator recovery actions, the
time available for the action, the probability of operator action failure and the error factor
associated with that probability. These operator actions were included in the nodal
equations discussed in Section 3.6 5

3.6.4.3 Recovery Actions for Random, Non-seismic Failures

Post-initiator operator actions for random, non-seismic failures are addressed in Section
3.6.7.
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TABLE 3.6-3
SEISMIC OPERATOR ACTIONS

“Basic Time | Initial Final | Error |
Event Description Available | Prob.
OP13 Operator fails to reset and start the 55 Min. SE-4 10
diesel generator following relay or
process switch chatter
OoP64 Operator fails to reset battery charger | 90 Min. 7E-3 5 3.5E-2 5
relay
OP91 Operator fails to open SWC Pump >90Min.| 3E-4 $ 1.5E-3 5
discharge valve & start the redundant
SWC pump
OPFIRETNKR | Operator fails to align fire truck for 4 Hr 3E4 5 1.5E-3 5
CCW makeup given PPMU tank is
unavailable
OPALTVENT |Operator fails to respond to hi terp 4 Hr 3E-4 5 5.0E-2 5
alarm in the switchgear/distribution (see note 1
room
OPEMERLINE | Operator fails to open SWC 90 Min. - ~ |[1.0E-1(seq 3 ‘
Emergency Discharge Line to note 2)
Seawall given gate failure

Note 1. An HRA value of 1 5E-3 was formally calculated However, S5E-2 was conservatvely used
Note 2. Conservative screening value intially used. Refined calculaton was not required

365 NODAL EQUATIONS

Boolean equations were developed for each of the SET nodes based on the legic and
seismic fragility information discussed in Section 3.6.2. The seismic fragilities table,
Table 3.6-1, and the seismic operator actions table, Table 3 6-3, provide a cross-
reference between the abbreviations used in the equations, the structure/component
and operator action descriptions, and fragility or probability information. The failure
and success equations for each top event are shown in Table 3 6-4

An "&" (or “C" for operator actions and non-seismic events) in front of an event denotes
success of the event. These equations, which represent the seismic failure or success
of structures and components, are then combined into the seismic sequence equations
as delineated by the SET. Both failures and successes are included in these seismic
sequence equations. Each seismic sequence equation represents the Boolean logic

3-88 .
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associated with its corresponding seismic damage state (SDS). The actual sequence
equations are listed in the Tier 2 documentation code output files.

366 QUANTIFICATION OF SEISMIC DAMAGE STATES

The seismic hazard curve information, structural/component fragilities, and SDS
equations were then input to the EQESRA code to quantify the frequencies of the SDSs.
The EQESRA code uses a discrete probability distribution (DPD) sampling process at
each seismic magnitude interval to combine the seismic hazard frequency information
with the seismic fragility information for each structure, component, relay and switch in
the SDS equation. Successes, failures, and Boolean intersects are properly treated in
this calculation. The code repeats this process for each seismic magnitude and then
sums the results to obtain the SDS frequency. This process is then repeated for each
SDS equation until all equations are quantified. The concepts and algorithms used in
the EQESRA code are documented in the User's Manual [3-50]. The results files are
contained in the Tier 2 documentation.

The results of the SDS quantification are summarized in Table 3.6-5, SONGS 2/3
Seismic Damage States.

As can be seen from Table 3.6-5, the only SDS for offsite power available that is
significant is the first sequence which represents no seismic failures due to the
earthquake. Essentially, this is a plant trip with offsite power and all safety systems
available. For the loss of offsite power SDSs, only six have frequencies greater than
1E-6/yr. They are discussed in more detail in Section 3.6 8 Overall Quantification
Results. The guantification of non-seismic failures in Section 3.6.7 utilize these SDS
frequencies as initiating event frequencies, including the seismic failures as house
events or guaranteed failures.
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TABLE 3.6-4
SEISMIC EVENT TREE NODAL EQUATIONS
Nodal 10 ' :
;, SET Node Faiiure Success Equation
I N e e
' : T LOP ~ ] SWYD + RATR1-2 + RB1 : '
| Offsite Power
} oP ASWYD * ARATR1-2 * &R81 [
i AT RXINT :

|
| Pwesior Trp NAT | aRXNT ;
1. i
; T N AUXBLDG + (OPALTVENT * ECE335-6) 1
M ihanicins LAUXBLDG * (COPALY i + &ECE335-6)
{ 125VDC
‘ ND &R64 « COPSB4 ;
e — ~ . — ~ eed |
r s (OP13 * (R112 + R132 + R133 + R122 + R123 + R124 + R125 + R126 + f
5 c R127 + R128 + R129 + R135 + S11 + $12 + S13 + S14 + 515 + §16))
] Generators e (COP13 + (&R112 * 4R132 * &4R133 * 4R122 * &AR123 * &R124 * &R125 * &R126 * :
| AR127 * 4R128 * AR129 * &4R135 * 4511 * 4512 * 4513 * 4514 * 4515 * 4516)) i
% Semsmic-induced e ROGA l
! Small LOCA NL ASLOCA |
;y - - - - - 1
' SWR 480SWGB04-6 + MCCS |
! Emergency
[ g NSW | 8480SWGBO4-6 * AMCCS g
e cs1 C8T121+ CST120 l
|
% Storage Tanks NF1 &CST121 * 4CST120
i o8 SEBLDG + CCWHXEOQ1-2 + (R91 * OP91) + (PPMUTK * OPFIRETNKR) +
- (SWCGATE * OPEMERLINE) + CCWBELL
i (Small LOCA “ ASEBLDG * ACCWHXEDO1-2 * (8RS1 + COPE1) * (APPMUTK +
| evenisOnly) _— COPFIRETNKR) * (ASWCGATE + COPEMERLINE) * ACCWBELL
[ P SEBLDG + (OPALTVENT * (CCWHXE001-2 + (R91 * OP91) + (PPMUTK *

R OPFIRETNKR) + (SWCGATE * OPEMERLINE) + CCWBELL))

(non-Small - ASEBLDG *“(COPALTVENT « (SCCWHXE001-2 * (AR1 + COPY) * (&PPMUTK +
! LOCA events COPFIRETNKR) * (ASWCGATE + COPEMERLINE) *  ACCWBELL))
S S - B e e
— RW RWST005-6 + RECIRC
(Non-ATWS) NW ARWST005-6 * ARECIRC

: — e e T —

R £e UNFAVMTC + RWST005-6 + R21

(ATWS Events) NEB | CUNFAVMTC * ARWST00S-6 * 4R21
e = R e e
P ™ AFWGOV4T00
[ NT AAFWGOV4700
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TABLE 3.6-5
SONGS 2/3 SEISMIC DAMAGE STATES

Ska:D State scﬁpon 7

Offsite Power Available, No seismic failures of components

4
2 Offsite Power Available, Seismic failure of TDAFW Pump 4 0E-12

3 Offsite Power Available, Seismic failure of CCW/SWC 1.7E-12

4 Offsite Power Available, Seismic failure of Condensate Storage Tanks 2.0E-12

5 Offsite Power Available, Seismir; Failure of Emergency Switchgear 1.2E-10
6 Offsite Power Available, Seismic-Induced Smail LOCA 7. 0E-9

7 Offsite Power Available, Small LOCA, Seismic failure of TDAFWP 50€E-17

8 Offsite Power Available, Smali LOCA, Seismic failure of RWST 30E-12

9 Offsite Power Available, Small LOCA, Sessmic failure of CCW/SWC 4 6E-14
10 Offsite Power Available Small LOCA, Seismic failure of Condensate Tanks 4 7E-17_‘
11 Offsite Power Availlable, Small LOCA, Seismic failure of Emergency Switchgear 15E-12
12 Offsite Power Available, Small LOCA, Seismic failure of DC Power 1.8E-13
13 Offsite Power Available, Small LOCA, Seismic failure of Instruments/Control 5.3E-11
14 Offsite Power Available, ATWS Event 4 0E-17
15 Offsite Power Available, ATWS Event, Seismic failure of Emergency Boration 47€E-18
16 Loss of Offsite Power, No seismic failure of other components 6.9E-3
17 Loss of Offsite Power, Seismic failure of TOAFWP 1.3E-6
18 Loss of Offsite Power, Seismic fallure of CCW/SWC 5 4E-7

19 Loss of Offsite Power, Seismic failure of Condensate Storage Tanks 4 6E-7
20 Loss of Offsite Power, Seismic Failure of Emergency Switchgear 6 6E-6

21 Loss of Offsite Power, Seismic-Induced Small LOCA 1.5E-5
22 Loss of Offsite Power, Small LOCA, Seismic failure of TDAFWP 1.9€-7
23 Loss of Offsite Power, Small LOCA, Seismic failure of injection/Recirculation 8 0E-7
24 Loss of Offsite Power, Small LOCA, Seismic failure of CCW/SWC 1.9E-7
25 Loss of Offsite Power, Small LOCA, Seismic failure of Condensate Tanks 9 3E-8
26 Loss of Offstte Power, Small LOCA, Setsmic failure of Emergency Switchgear 12E-6
27 Loss of Offsite Power, Seismic failure of DGs 7 6E-8
28 Loss of Offsite Power, Seismic failure of DC Power 3 OE-S___
29 Loss of Offsite Power, Seismic failure of Instruments/Control 33E-8
30 Loss of Offsite Power, ATWS Event 6.2E-8
31 sres )
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367 NON-SEISMIC FAILURES AND HUMAN RELIABILITY ANALYSIS (FOR
RANDOM FAILURES)

For those seismic damage states (SDS) with frequency greater than 1E-7/year, the
impact on the plant and plant systems was evaluated using the internal events IPE
models, but modified to reflect the special conditions for a seismic event. As shown in
Table 3.6-5, only 12 SDSs (1, 16, 17, 18, 19, 20, 21, 22, 23, 24, 26, and 29) are greater
than 1E-7/year.

The only SDS from the offsite power available portion of the SET that could not be
screened is the first SDS with seismic success of all safety systems (SDS #1). The
calculation of the conditional core damage frequency for SDS #1, which accounts for
additional non-seismic random failures, was treated similarly to the Loss of Power
Conversion System initiating event from the internal events IPE analysis. Thatis, only
the MFW/condenser systems are modeled inoperable following plant trip

Of the remaining 11 SDSs, seven sequences (SDS 18, 19, 20, 23, 24, 26, and 29)
directly result in core damage. Although AFW may be available for several hours for
some of these sequences, it is assumed to fail after loss of instrumentation. Therefore,
no conditional core damage probability calculation of non-seismic, random failures is
required. As presented in Table 3.6-7, the conditional core damage probability (CCDP),
given the seismic failures is 1.0 or guaranteed failure.

The internal events IPE models were used to determine CCDPs for the remaining five
SDSs (1, 16, 17, 21, 22). In the loss of offsite power SDSs, the IPE modeis were
modified to reflect the seismic failures and the assumed loss of offsite power for 24
hours. The diesel generator mission time was increased to 24 hours and the offsite
power recovery was set to 0.0 (no offsite power available).

Those operator actions from the IPE that are found to mitigate the impact of seismic-
induced loss of offsite power or small break LOCA are modeled and modified by use of
the seismic performance shaping factors discussed in Section 364 1. Table 366,
Non-Seismic Operator Actions, represents changes to the internal events IPE model.

The REBECA PRA software, with these modifications, was used to calculate CCDPs
The output files (including cut sets) and associated event treas are contained in the Tier
2 documentation
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NON-SEISMIC OPERATOR ACTIONS
IPE Prob
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| BasicEvent |  Description [
D-HCAUXSPRYU Operator fails to align charging to auxiliary 6E-4 (5) see note 1 Not appiicable
pressunzer spray (N/A)
D-HCBORATE-U Operator fails to ernergency borate in an ATWS 3E-3(10) see note 2 N/A
event
D-HCNOSIAS2U Qperator fails to respond to high temp alarm to SE-3 (10) Seismic specitic HRA 005
charging pp rooms given no SIAS performed
E-HCP024—U Qperator fails to attempt to start standby CCW pp 1E-3(10) IN 30mi S SE-3 (10)
P24 n
F-HCDEPRESSU Operator fails to depressurize SG's w/l 1 hr & align 4E-2 (5) see note 3 10
condensate [4E-2(5))
FGHCCNDREC-U Operator fails to recover condensate after loss of 6E-2(3) see note 3 10
PCS w/l 60 min [6E-2(3) )
FGHCMFWREC-U | Operator fails to recover MFVW after loss of PCS 4 3E-1 (3) see note 3 10
{4.3E-1(3))
H-HC9300&01U Operator fails to close HV-8300 and 9301 per SE-3 (5) iN >1 1 SE-3 (5)
$023-12-3 HR
H-HCHLRECRCU Operator fails to establish hot leg recircutation w/l 4 5E-5 (5) IN >1 1 5E-5 (5)
hrs HR
K-HCSCRAM--U Operator fails to manually SCRAM reactor 3E-3(10) note 2 N/A
L-HCBYPASS-V Operator fails to open HV-4762 or 4783 w/l 1 hr w/ 4E-4 (3) IN l 1 HR 1 4E-4 (3)
procedure
L-HCCRCNNCTU Operator fails to cross-connect MDAFWP to 7E-3 (5) IN 1 HR 1 7E-3(5)
opposite SG
L-HCCSTMU--U Operator fails to provide CST makeup per proc 2E-5(5) OUT | 8HR 5 1E-4 (5)
L-HCNSBOMANU Operator fails to manually control AFW ‘ow vaives 6E-3(10) ouT 58 8 3E-2(10)
wi25-8hrs HR
L-HCSBO-MANU Operator fails to manually cperate the TDAFWP B6E-3 (5) ouT 25 5 3E-2 (5)
w/o DC power w/i 1 hr (SBO event) HR
L-HCTP140--U Operator fails to manually operate TDAFW pump 6E-3 (5) OUT | 1 HR 5 3E-2(10)
(no DC power @ 8 hr, non SBO)
L-HCTP1401HU Operator fails to manually open HV-4718 (stop 1.2E-2 (10) calculated same as 3E-2(10)
valve) w/i 1 hr given battery 9 fails L-HCTP140-U
M-HCE-331-U Operator fails to align chiller E331 to backup E330 SE-2 ( ouT 15 $ 0.25(10)
HR




SONGS 2/3 Individual Plant Examination of External Events

TABLE 3.6-6
NON-SEISMIC OPERATOR ACTIONS

_BasicEvent | , i e

M-HCNOSIAS-U Operator fails to respond to hi temp alarm in the 33E-4(10) IN 3HR 1 33E4(10)
switchgear/distribution room given no SIAS

M-HCGASFANS Operator fails to cool electrical rooms with gas fans 3E4(5 | ouTt 3HR 5 1 SE-3 (5)
(Note: this action 1s mutually exculsive of M- (conserv (conserv used
HCNOSIAS-U) used SE-2)

SE-2)
MRHC3E335--U Operator faiis to cross-tie CCW to chiller E335 3E-3(5) see note 1 N/A

from other unit given SGTR

MRHC3E336-U Operator fails to cross-tie CCW to chiller E336 3E-3 (5) see note 1 N/A
from other unit given SGTR

N-HCCSINJCTU Operator fails to depressurize beiow CS pump 01(10) IN =1 5 0Ss
shutoff head given HP S failure (Induced LOCA) HR

NBHCCSINJCTU Operator fails to depressurize below CS pump 1 no factor applied 10
shutoff head given HPSI failure (Medium LOCA)

NCHCCSINJCTU Operator fails to depressurize below CS pump 05(10) IN 1 MR 1 05
shutoff head given HPS| faillure (Induced LOCA)

T-HCDEPRESEU Operator fails to depressurize RCS earty (SGTR) 1E-3(5) seenote ! N/A

T-HCINDLOCAU QOperator faiis to depressurize RCS & control ECCS| 7.5E-2 (10) IN 1 HR 5 04(10)
flow - induced LOCA

TOHCCSSPRAYU Operator fails to depressurize & cooldown RCS to 6E-3 (10) IN >1 1 6E-3 (10)
reduce RCS leak (SSL) HR

TRHCADV-P---U Operator fails to manually operate ADV locally given| 3E-3 (10) see note 1 N/A
SGTR

U-HCSHE DSOMU or fails to loadshed within 1 hour 6E-3 (5 IN 1 HR 1 6E-3 ssg

Note 1: Basic event is used in the SGTR analysis and is not applicable to the seismic IPEEE.

Note 2: Basic event is used in the ATWS analysis which has been screened out (<1E-7/yr).

Note 3: Basic event is only used if offsite power is available. The severity of the seismic event where
offsite power remains available is likely to be small. The operators stress level should not be
very high since offsite power and all safety systems are likely to be available. Therefore, if offsite
power is available, the PSF = 1.0. if offsite power is unavailable, set the probability to 1.0
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368 OVERALL QUANTIFICATION RESULTS

To obtain the overall results, the frequency of each seismic darnage state (SDS) is
multiplied by the conditional core damage probability (CCDP) for that SDS (Note that
those seismic damage states less than 1E-7/year were previously screened out and are
not included here.) Since the frequency of each SDS is independent of the others, the
total core damage frequency due to seismic events, 1.7E-5/year, is simply the
summation of the individual SDS sequence core darmage frequencies. The results are
given in Table 3.6-7 and discussed below.

The highest ranked sequence, Sequence 1, represents a seismic-induced loss of offsite
power and seismic loss of emergency switchgear event with a sequence CCDP of 1.0
The core damage frequency for this sequence is dominated by the seismic failure of the
motor control centers. The loss of the chargers powered by the 480V MCCs will
eventually fail DC control power and indication which is assumed to result in core
damage.

Sequence 2 represents a seismic-induced loss of offsite power with seismic failure of
instrumentation and control. This seismic sequence requires no additional random
failures (CCDP=1.0) and is dominated by the structural failure of the auxiliary building,
which contains the control room, resulting directly in core damage.

Sequence 3 characterizes a seismic-induced loss of offsite power with no seismic
failures of other components. Seismic failure of offsite power is governed by the failure
of the transformer fluid cooling fins on the reserve auxiliary transformers. Relay chatter
associated with offsite power was also modeled with operator recovery actions
conservatively not modeled. The CCDP for this sequence is 3.57E-4 with dominant
cutsets involving random failures of the diesel generators or associated support systems
such as room ventilation resulting in a station blackout event

Like Sequence 3, Sequence 4 rapresents a seismic-induced loss of offsite power with
no seismic failures of other components. The CCDP for this sequence is 1 89E-4 with
dominant cutsets involving random failures of the condensate makeup system and the
turbine-driven and motor-driven AFW pumps

Sequence 5 depicts a seismic-induced loss of offsite power and small LOCA with
seismic loss of emergency switchgear event with a sequence CCDP of 1.0. As

discussed for Sequence 1 above, the core damage frequency for this sequence s
dominated by the seismic failure of the motor control centers
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These sequences, Sequences 1-5 contribute over 85% to the total seismic core
damage frequency. Refer to Table 3.6-7 for descriptions of the dominant seismic and
random failures for the remaining 12 sequences

The contribution of seismic spectral acceleration ranges to the overali core damage
frequency was calculated and is shown in Figure 3 6-3, Seismic Event Magnitude vs.
Core Damage Frequency. This calculation was performed considering both seismic and
random, non-seismic failures. As shown in Figure 3.6-3, approximately 50% of the
overall core damage frequency was attributed to seismic initiating events with spectral
accelerations 2.0g or less. These seismic events have relatively high frequencies of
occurrence when compared to those events in the higher acceleration ranges. Results
of the plant level fragilities analysis is presented in Figure 3.6-4, “Plant Level Fragility
Curves." As shown in this figure, the plant HCLPF? is approximately the same as the
SONGS 2/3 safe shutdown earthquake (SSE) (0.67 pga, or approximately 1.5 gSA).
The plant median capacity (the acceleration corresponding to the median curve with
50% conditional probability of failure) is about 2.5 times the SSE

HCLPF is defined as the acceleration corresponding to the 95% confidence bound that the
conditional probability of failure is 5% or less

3-96
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TABLE 3.6-7
SONGS 2/3 TOP SEISMIC CORE DAMAGE SEQUENCES
————e ——
Seq . | Dominant Random SDS Sequence
Rank e Sequence Description - ¥ Fallures Frequency o CDF
Switchyard
Seismic Loss of Offsite Power Reserve Auxiliary Transformers N/A
1 20 | Seismic Failure of Emergency Switchgear Switchyard Relays (Chatter) 657E-6 10 6 57E-6
480V Switchgear
Motor Control Centers
Switchyard
Reserve Auxiliary Transformers
Setsmic Loss of Offsite Power N/A
2 29 - Switchyard Relays (Chatter) 331E6 10 331E-6
Seismic Failure of instruments/Control Auxiliary Building
Emergency Chiliers
Seismic Loss of Offsite Power Switchyard Emergency Diesel Generatois
3 16 | No Seismic Failure of Other Components Reserve Auxiliary Transformers DG Emergency Supply Fans 6 94E-3 357E-4 248E-6
Random Loss of Emergency Ciesel Generators Switchyard Relays (Chatter) DG Fuel Transfer Pumps
Operator Failure - Condensate WU
Seismic Loss of Offsite Power Switchyard :;ud :’ [! D'MZ:\:IV: g
4 16 | No Seismic Failure of Other Components Reserve Auxiliary Transformers : ' 6.94E-3 189E-4 1.31E-6
Random Loss of AFW Switchyard Relays (Chatter) Operaior Fallure - Ballery Chrgy Faliure
TD AFW Pump Control Valves
Emergency Chiliers
Switchyard
Seismic Loss of Offsite Power :xve 4R yTr(a:mf ) N N/A
5 | 26 | Seismic-induced Smali LOCA AR St B 1 156-6 10 1 1566
Seismic Faiiure of Emergency Switchgear SRRG RSN
‘ 480V Switchgear
Motor Control Centers
Switchyard
Seismic Loss of Offsite Power Reserve Auxifiary Transformers N/A
6 23 | Seismic-induced Small LOCA Switchyard Relays (Chatter) BO1E-7 10 B8 01E-7

Seismic Failure of Recirculation

Small LOCA
Emergency Sump Vaive Bellows
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TABLE 3.6-7
SONGS 2/3 TOP SEISMIC CORE DAMAGE SEQUENCES
Seq L Dominant Random SDS Sequence
Rank # sSDs ‘ E Seismic Failures Falhiion . CCDP CDF
Switchyard
Reserve Auxiliary Transformers
Switchyard Relays (Chatter)
Seismic Loss of Offsite Power Safety Equipment Building N/A . %
7 | "8 | Seismic Failure of CCW/SWC CCW Heat Exchangers el " g
SWC Valve Relays (Chatter)
Primary Plant WU Tank
SWC Discharge Gate
Switchyard
‘ Loss of Of o Rm Auxiliary Transformers N/A
8 19 s ic Fature of C e St Tant Switchyard Relays (Chatter) 456€E-7 10 456E-7
¢ Condensate Storage Tank T120
tt Condensate Storage Tank T121
Seismic Loss of Offsite Power Switchyard CCW Heat Exchangers
9 4 Setsmic-induced Smatlt LOCA Reserve Auxiliary Transformers CCW Non-Critical Loop Isolation Vivs 1 49E5 2 1362 318E-7
“" | Random Loss of CCW Switchyard Relays {Chatter) CCW Pumps
Random Loss of Safety Injection Small LOCA High Pressure Safety injection Pumps
Switchyard
Reserve Auxiliary Transformers
Switchyard Reiays (Chatter)
Seismic Loss of Offsite Power Smali LOCA NA
10 24 | Seismic-induced Small LOCA Safety Equipment Building 1 87E-7 10 1 87€-7
Setsmic Failure of CCW/SWC CCW Heat Exchangers
SWC Valve Relays (Chatter)
Primary Plant MU Tank
SWC Discharge Gate
Setsmic Loss of Offsite Power gﬂ 'Ad iary T ‘ High Pressure Safety injection Trains
1" 21 | Seismic-induced Small LOCA Swi 4R Y (Chatter) Emergency Sump Recircutation Valves 149E5 | 310E-3 462E-8
! Random Loss of Recirculation Smal LIOCA y ' RWST Outlet Check Vaives

| J
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TABLE 3.6-7
SONGS 2/3 TOP SEISMIC CORE DAMAGE SEQUENCES
m
Seq S Deminant Random sDS cCDP Sequence
Rank #| S°° Sequence Description o Faitures Frequency D CDF
Non-recovery of Main Feedwater
Offsite Power Available Non-recovery of Condensate
12 1 | No seismic Failures of components N/A Operator Faiis to provide CST MU 6 93E-3 201E-6 1.39E-8
Random Loss of MFW/Condensate Turbine Driven AFW Pump
Motor Driven AFW Pumps
Offsite Power Available
No Seismic Failures of Components Pressurizer Safety Valves
B ' | Random Failure of PZR Safety Vaives to Reclose o Emergency Sump Recirculation Valves 6S3E-3 | 72367 SHEs
Random Loss of Recircuiation
} Swiichyard
:a 'Loss Z{doSm i 'po CA Reserve Auxiilary Transformers Emergency Diesel Generators
14 22 5 Switchyard Relays (Chatter) CCW Heat Exchangers 187E-7 1 68E-2 315E-9
Seismic Failure of TDAFWP : -
= Loss of Safet | Small LOCA CCW Non-Criticat Loop Isolation Vivs
g TDAFWP Governor Valve
Offsite Power Avatiable Pressurizer Safety Valves
No Seismic Failures of Components Operator Fails to Align Cs for Injection
" ' | Random Failure of PZR Safety Valves to Reclose - High Pressure Safety Injection Pumps $9%E-3 | 427 e
Random Loss of Safety Injection CCW Heat Exchangers
Seismic Loss of Offsite Power Switchyard Operator Fails to Provide Cst M/u
~e | Seismic-induced Smail LOCA Reserve Auxifiary Transformers AFW Turbine Driven Pump
- 21 | Random Loss of Condensate Switchyard Reiays (Chatter) Motor Driven AFW Pump 140ES | 10064 14969
Random Loss of Auxihary Feedwater Pumps Small LOCA Emergency Diesel Generator
Switchyard
Seismic Loss of Offsite Power Reserve Auxiliary Transformers
17 | 17 | Seismic Failure of TDAFWP Switchyard Relays (Chatter) e o 12766 | 10663| 1359
Random Loss of Auxiliary Feedwater TODAFWP Governor Valve
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369 SENSITIVITY AND UNCERTAINTY ANALYSIS

Several sensitivity studies and uncertainty analysis were performed to examine different
input information and assumptions.

3691 Sensitivity Studies

During the development of the SET, modeling of system component failures and
successes for ATWS sequences was simplified to exclude those component failures
and successes (nodes) which have an insignificant impact on the calculated core
damage frequency. As shown in Figure 3 6-2, Seismic Event Tree, only the success
and failure of the injection and emergency boration node was considered for an ATWS
failure. A sensitivity study was performed to characterize the contribution of those
excluded nodes. Fifteen (15) sequences or SDS resulted from this study using the
following nodes in addition to the ATWS failure nodal equation: instruments and
controls, 125VDC buses, diesel generators, seismic-induced LOCA, condensate storage
tanks, CCW and SWC, injection and emergency boration, and turbine driven AFW
pump. The results of this sensitivity study confirmed the assumption that the
contribution of the excluded nodes was insignificant. The combined contribution of all
15 sequences was less than 1E-7/yr.

Another sensitivity study was performed to address the impact of unacceptable relay
chatter associated with the suction and discharge valves on the CCW swing pump.
Because this pump is a third-of-a-kind pump within the CCW system, this failure was
analyzed separately to determine whether the resulting SDS frequency would exceed
the screening criterion for inclusion in the SET. Using the fragility values for the relays,
the CCW swing pump frequency of failure was determined. The internal events IPE
models were used to calculate the CCDP assuming CCW swing pump failure. The
resulting seismic core damage frequency was less than 1E-7/yr. Therefore, the chatter
of these relays was considered to have minimal risk significance and was not included
in the SET.

As discussed in Section 3.6 4.1, six seismic operator actions were analyzed and
quantified as part of the SET. Sensitivity studies for each operator action were
performed by setting each operator action failure probability to 1.0. Only one operator
action sensitivity study resulted in an increase of any significance. This study
addressed the impact of the operator failing to reset and start the diesel generator
following relay or process switch chatter. The seismic core damage frequency
increased an order of magnitude due to the effects of non-recovery of DG relay and

3-100
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process switch chatter. The remaining 5 sensitivity studies showed that changing the
operator action failure probabilities to 1.0 increased the seismic core damage frequency
less than 15%.

3.6.9.2 Uncertainty Analysis

Statistical and/or modeiing uncertainty in the seismic CDF results can come from the
hazard curve uncertainty, the fragilities uncertainties, and non-seismic uncertainties in
the CCDP calculation While a complete hazard uncertainty analysis was performed as
discussed in Section 3.1 1, the quantification of the seismic core damage frequency
included only the mean hazard curve. Although the performance of a quantitative
hazard uncertainty analysis is not required by the NRC, uncertainty analysis was
performed using the 85th percentile hazard curve. The dominant seismic sequences did
not change; however, the ranking of two sequences exchanged positions. The seismic
damage state frequencies for these two sequences increased, however the relative
impact of this increase for one of these sequences was reduced by its associated
CCDP, which did not change The frequencies of four additional seismic damage
states were raised slightly above the screening criteria of 1E-7/yr  These are not
considered significant; therefore, no additional vulnerabilities were identified. The
overall seismic core damage frequency increased less than a factor of two when the
85th percentile hazard curve was utilized.

The EQESRA code quantification included the fragilities uncertainties, expressed by the
random and modeling uncertainty parameters (B, B,) given in Table 3.6-1. Statistical
uncertainties in the CCDP calculations were not modeled for this analysis, but based on
the internal events IPE, would be about a factor of 3 to 5 for the 95 percent confidence
level

Based on the above discussion, the uncertainty analysis did not significantly change or
alter the qualitative results or the identification of dominant sequences, contributors, or
vulnerabilities

3.7 ANALYSIS OF CONTAINMENT PERFORMANCE
Generic Letter 88-20, Supplement 4, Appendix 2 states

“The evaluation of the containment performance (Level |l analysis) for external events
should be directed toward a systematic examination of whether there are sequences
that involve containment failure modes distinctly different from those identified in the

3-101
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IPE internal events evaluation or contribute significantly to the likelihood of functional
failure of the containment (i.e., loss of containment barrier independent of core melt) *

In Appendix 2 of Generic Letter 88-20, Supplement 4, the following aspects of this
assessment are listed:

» lIdentify mechanisms that could lead to containment bypass.
« ldentify mechanisms that could cause failure of the containment to isolate.

+ Determine the availabili!, 2nd performance of the containment systems under the
external hazard to see If they are different from those evaluated under the
internal event hazard evaluation

NUREG-1407 also requested specific items to be evaluated for seismic vulnerabilities

« gross structural failure of the containment (section 3.7 3),

+ failure of major equipment or structures inside containment at very high '
accelerations (section 3.7.3),

« isolation failure due to relay chatter (section 3.7.2),

+ walkdown of containment penetrations for spatial interactions and unique
configurations (section 3.7.2),

« hatch inflatable seals and associated air system (section 3.7.2),
* penetration cooling (section 3.7.2),

« containment isolation actuation systems (section 3.7.2),

« backup air system for isolation AOVs (section 3.7.2), and

« components of containment heat removal/pressure suppression system such as
fan coolers, support systems, and system interaction effects (section 3.7 3)

Each of the above items was appropriately included in the evaluation of seismic
capacity and containment performance
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The plant walkdowns for the seismic IPEEE (discussed in Section 3.3) did not result in
the identification of any additional or unique seismic-related containment failure modes
The seismic events are therefore modeled in the same manner as an internal event with
regard to random failures, phenomenological response, and containment response. but
include the equipment losses due to the seismic event

The potential impact of seismic events on containment bypass is addressed in Section
3.7.1. The potential impact of seismic events on containment isolation is addressed in
Section 3.7.2. The results of an evaluation of the potential seismic event impact on
containment systems are discussed in Section 3.7.3, and the potential for release of
radioactivity from the plant in the event of a seismic event is discussed in Section 3.7 4

371 CONTAINMENT BYPASS POTENTIAL

The potential for seismic-induced interfacing systems LOCAs (ISLOCA) involves the
failure of the RCS pressure boundary leading to a LOCA outside the containment
boundary. The internal events IPE has identified all potential ISLOCA paths and was
used as the initial basis for this seismic analysis. Valves in each of the ISLOCA paths
were reviewed for inclusion on the seismic equipment list (SEL) and then included in the
seismic capacity walkdown. Paths with check valves and normally closed manual
valves for isolation have high seismic capacity. These paths were not evaluated further
Power operated valves, such as MOVs and AOVs, were included in the SEL and
walkdown. The relays associated with these valves, including isolation actuation
systems, were also included in the relay chatter evaluation. Particular attention was
placed on the shutdown cooling lines and valves and the CVCS letdown lines. Based
on the ISLOCA evaluation, there are no seismic vulnerabilities associated with these
paths, valves and associated relays. No additional containment performance modeling
is necessary

The other bypass potential evaluated for the seismic IPEEE is a seismic-induced steam
generator tube rupture (SGTR). A seismic event will not directly cause a steam
generator tube ‘o rupture based on the high capacity of the steam generator and its
internals (median capacity > 8g). All core damage sequences, however initiated, that
progress with a high primary system pressure have a small probability to “induce” a
SGTR. The combined effects of very high temperatures from the melting core off-gases
and high differential pressures may cause failure of a tube. This is not unique to
seismic event-initiated sequences. Therefore, the dependent probabilities are the same
as for internal event-initiated sequences. These induced SGTRs are considered in the
containment response discussed in Section 3.7 4.
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3.7.2 CONTAINMENT ISOLATION ANALYSIS

The internal events IPE containment isolation analysis was used as the basis for the
seismic IPEEE containment isolation analysis. Containment isolation is one of the
safety functions included in developing the seismic equipment list, therefore, the valves.
peretrations, and actuation systems were explicitly inciuded in the seismic walkdowns
and in the seismic capacity analysis. Relays associated with the valves and with the
containment isolation actuation systems were included in the relay chatter evaluation.
Seismic capacity walkdowns were performed to ensure that a seismic event would not
cause a unique containment isolation failure. Specific attention was placed on potential
spatial interactions and building displacements.

The containment isolation fault tree from the IPE was directly used in the extended
accident seyuence event trees for the seismic Level 2 analysis. This fault tree contains
the penetrations which are connected either to the containment atmosphere (including
sump and drain tank lines) or to the RCS. Containment isolation valves power
dependencies as well as seismic and random failure modes were directly included in the
fault tree quantification. All penetrations have at least one fail-closed isolation valve

Penetrations not included in the IPE models were also evaluated. Enclosed systems
inside containment (e.g. critical loop CCW piping) that were not in the IPE scope were
assessed by the seismic IPEEE. All such containment penetrations and their associated
valves were evaluated to verify that seismic events with loss of power would not fail the
isolation function. Some penetrations included check valves (such as the instrument air
supply line) whose function would not be affected by a seismic event. Most of the
penetrations had at least one isolation valve that fails closed upon the loss of power.

The remainder of the isolation valves were associated with piping systems which are
closed systems inside containment. Those penetrations were specifically examined
during the walkdowns to ensure that they would not fail and cause loss of the pressure
boundary. For example, the non-critical loop CCW piping which supplies the RCP seal
coolers and CEDM cooler was spot-checked as were the coolers themselves. All of the
piping and equipment have high seismic capacity (greater than 8g) and would therefore
not need to be isolated for a seismic-initiated event. The critical loop CCW piping and
heat exchangers inside containment were examined and found to have high capacity
(greater than 8g). Seismic failure of the critical loop piping inside containment had been
identified as a contributor to early release at another plant. The normal chilled water
lines supply water to the normal containment coolers with one fail-closed valve outside
containment. The seismic capacity walkdown demonstrated that the valves and coolers
have high seismic capacity. Similarly, the main steam lines have fail-closed isolation
valves outside containment. Also, the main steam lines have high seismic capacity
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inside containment. Based on these evaluations and the high capacity of the systems
and components, it was not necessary to add these penetrations to the containment
isolation fault tree.

The containment isolation actuation signal (CIAS) and containment purge isolation
signals (CPIS) are powered by the Class IE 125V DC buses. A seismic event with loss
of AC power would not result in (oss of these containment isolation signals. The
transmitters and logic cabinets associated with the signals were included in the
walkdowns and found to have high seismic capacity. Relays and their cabinets were
also included in the evaluation. If 125V DC power is also lost, then the fail-safe valves
would close as designed. Thus, the impacts of the seismic scenarios on the
containment isolation actuation function have been evaluated and included in the
containment performance analysis.

Three special seismic containment performance issues listed in NUREG-1407 involve
penetration cooling requirements, inflatable equipment and personnel hatch seals, and
backup air systems for containment isolation vaives. None of these issues are
significant at SONGS 2/3. Penetration cooling is only needed for lifetime integrity of the
penetrations. It is not required for short-term integrity of the penetrations, such as
several days or weeks. Inflatable seals are not used at SONGS 2/3. Air-operated
containment isolation valves are all fail-closed on loss of air. Backup air is not required

Based on the above discussion, containment isolation functions, systems and
equipment have been reviewed for SONGS 2/3 with no vulnerabilities identified
37.3 CONTAINMENT SYSTEMS PERFORMANCE

In addition to the containment bypass and containment isolation system issues
discussed above, containment performance issues also include:

» the potential for gross structural failure of the containment,
« the potential for failure of major equipment or structures inside containment, and
« the potential for failure of components of containment heat removai/pressure

suppression systems such as fan coolers, support systems, and system
interaction effects (e.g. relay chatter).
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Each of these items has been evaluated for the SONGS 2/3 seismic IPEEE. The
containment, internal structures, and major equipment (including reactor vessel, RCPs,
steam generators, pressurizer, and associated RCS, main steam, and main feedwater
piping) have been reviewed (see section 3.5) and found to have high seismic capacity
(greater than 8g). While other power plants have found lower capacities for some of
these components and structures, the earthquake ground motion, soil-structure
interaction, and structural response at SONGS 2/3 result in relatively low demand on
these components even at high ground accelerations. The frequency of seismic-
induced failure of these structures/components is less than 1E-7/year. Therefore, there
are no unique seismic failure modes for these structures and components that need to
be incorporated into the containment performance analysis.

Similarly, most equipment on the seismic equipment list which perform containment heat
removal/pressure suppression functions have high capacity. The exception are some of
the support systems such as electric power and component cooling water. These
systems and associated relays have been included in the seismic sequence and
scenaric analysis discussed in section 36. Thus, the seismic-induced failure and non-
seismic unavailability of these components have been explicitly included in the seismic
containment performance analysis.

The seismic events analysis reported in Section 3.6 can be modeled by one of several
accident classes that are counterparts to ones occurring in the IPE analysis, with the
additional constraint that systems lost directly by seismic events cannot generally be
recovered. These classes are either a loss of offsite power, a loss of the power
conversion system, or a small LOCA Because of subsequent random failures, the loss
of offsite power class may lead to a station blackout event, or a small LOCA with loss of
power.

Therefore, the seismic impact on containment systems can be assessed by estimating
the frequency of occurrence of seismic-induced initiating events of these accident
classes, incorporating the specific seismic- induced |losses for these scenarios and then
evaluating the results using IPE Level 1 and Level 2 models and data. The first two
steps have been reported in Section 3.6. The third step, determining the containment
response for these conditions, is presented in Section 3.7 4.
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For reference, the bounding initiating events by type are:

. Loss of Power Conversion System (PCS) events caused by seismic events
identified as:
PCS1. All Systems Available - (PCS Part 1)
PCS2: All Systems Available - (PCS Part 2)
. Loss of Offsite Power (LOOP) events caused by seismic events identified as:

LOPAL: LOOP, with Loss of All AC Power
LOPXT: LOOP, All Other Systems Available
LOPFX: LOOP & Turbine Driven AFW Pump Failure

. Station Blackout (SBO) type events subsequent to the Loss of Offsite Power
events identified as:
SBOAL. LOOP, with Loss of All AC Power
SBOXT: LOOP, All Other Systems Available
SBOFX: LOOP & Turbine Driven AFW Pump Failure

. Small LOCA (SLOCA) type events identified as:

SLALL: Earthquake-induced SLOCA, LOOP & All Other Systems
Available

SLTFW. Earthquake-Induced SLOCA, LOOP & Turbine-Driven AFW
Pump Failure

374 CONTAINMENT RESPONSE TO SEISMIC-CAUSED EVENTS
The SONGS 2/3 containment response assessment in seismic events has found that:
1. There are no new or unique containment failure modes

2 Seismic events can be considered as resulting in one of several types of
initiating events that have already been modeled in the IPE
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These results allow the containment response to be evaluated in the same way as the
corresponding internal initiating events.

Similar to the IPE, these dominant seismic damage scenarios were processed through
extended event trees, plant damage states and containment event trees.  Since the
submittal of the IPE, the Level 2 methodology has been upgraded to more directly
include estimates of the effects of phenomenological uncertainties on quantification.
This expanded Level 2 methodology retains the fundamental SONGS-specific
phenomenological understandings presented in the IPE submittal and in responses to
NRC Requests for Additional Information (RAI). It is based on the modified REBECA
software package for the Level 2 numerical quantifications. NUCAP+ was also
employed to solve intermediate steps in guantification of containment phenomenology.

The following containment response outcomes, in percentages of the seismic-induced
core damage frequency reported in Section 3.6, have been determined from the
quantitative Level 2 assessment. Also included in Table 3.7-1 for comparison is the
Level 2 results of the internal events IPE.

TABLE 3.7-1
CONTAINMENT PRESSURE BOUNDARY STATUS DISTRIBUTION
OF SEISMIC IPEEE AND IPE

Seismic IPEEE Internal Events

: 3 At p e 05 >
Containment Not Failed 53% 83%
Leak Type Containment 32% 8%
Failure
Rupture Type Containment 13% 4%
Failure
Steam Generator Tube 2% 3%
Ruptures (Initiated or
Induced)
Containment Bypassed None 2%
(ISLOCA)

The containinent “not failed” category (53% of the total seismic IPEEE results as stated
above) contains the seismic-induced core damage sequences that do not involve over-
pressurization failure of containment. However, if long-term recovery actions are not
credited, sequences with the potential of late basemat melt-through from core-concrete
interactions are included in this category. Due to the significant portion of seismic
IPEEE core damage sequences involving loss of all AC power supply (i.e. station
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blackout) a larger fraction of sequences in this release category have the potential of
late basemat melt-through than for the IPE.

The timing of the occurrence of the containment failure categories for the leak and
rupture failure modes (excluding the induced SGTR) is:

Time of Containment Failure:
At or about the time of vessel failure 2%
Late (more than 12 hours later) 43%

The release of radioactivity, using the release categories defined in Section 4 8 of the
IPE report [4-4), is distributed among the categories identified in Table 3.7-2.

TABLE 3.7-2
RELEASE CATEGORY AND PROBABILITY OF SEISMIC IPEEE
Percent Of
Release Total Core
Release Frequency (Per Damage
Release Category Definition : Year

S Success, no containment failure within 9.1E-6 53%
48 hours, < 0.1% volatiles released

L Late containment failure, up to 1% 7.5E-6 43%
volatiles released

B Containment bypassed. < 0.1% 2 6E-7 1.5%
volatiles released

W Late containment failure. more than 2.4E-8 0.2%
10% volatiles released

G Early/isolation failure, coritainment 3.9E-7 2.3%
failure prior to or at vessel failure, up to
10% volatiles released )

D Containment bypassed, up 'o 10% 0 0
volatiles released

T Containment bypassed, > 10% 0 0
volatiles Hrleleased e

Two specific Level 2 accident sequences represent 88% of the core damage frequency
due to seismic events. Because of this high proportion, essentially all of the calculated
results can be interpreted in terms of these two sequences. The first sequence is in the
SBOAL-initiated extended event tree which is an S80 sequence with no AC power

3-109



SONGS 2/3 Individual Plant Examination of External Events

recovery and failure of the turbine-driven AFW pump to operate The second sequence
is in the SBOXT-initiated extended event tree which is an SBO sequence with the
turbine-driven AFW pump operating until battery failure and failure of AC power
recovery and 4KV cross-connection to the other unit. The commonality shared by the
two sequences is loss of all on-site AC power and failure to restore offsite power within
the Level 1 IPE mission time (24 hours). Long-term recovery actions that can reduce
the conservatism in the Level 2 analysis are not credited. The core will melt at high
RCS pressure with a subsequent induced hot leg/surge line failure highly likely. The
debris will fail the vessel and drop into the cavity volume. The water from the RCS will
boil off raising the pressure in the containment, and the debris will attack the basemat
concrete.

The most important sequences for the small rele ase category S are the two dominant
sequences mentioned above which contribute tc 82% of the frequency in this category
The most significant cutset (69% of the total) for 1 2lease category S is the unrecovered
loss or failure of all power sources and the turbine driven auxiliary feedwater pump
The next most significant cutset (6% of the total) is a 1 unrecovered seismic loss of
offsite power event with emergency AC power and auxi!iary feedwater available. The
operator, however, fails to provide long term CST makeup per procedure and core
cooling is lost. In both scenarios, the core melts with the RCS at high pressure with the
likely consequence of induced hot leg piping failure. In the latter case, safety injection
begins and arrests the core melt in-vessel and prevents containment failure, thereby
limiting the source term to a small "S" release. In the former case, core cooling is
unavailable and the debris attacks the basemat.

The two dominant SBO class sequences contribute 98% of the Category L (typically late
failures with dry cavities) releases. The first and second rost significant cutset (57%
and 25% of the total, respectively) are the same set of events as the dominant S release
scenario except that a late overpressure failure is assessed to occur before basemat
failure. The third most significant cutset, at 4% of the total, is a) unrecoverable seismic
loss of offsite power combined with common cause non-seismic failu. e of four diesel
generators leading to the same core melt and containment events s in the preceding
scenario.

The most significant contributing sequence (96%) to Category W, late cantainment
failures with a floodad cavity, is a loss of offsite power sequence with loss f auxiliary
feedwater with all other mitigating systems available (LOPXT extended event ' '2e). The
most significant cutsets (31% and 21%) for this sequence are an unrecovered seismic
loss of offsite power event with emergency AC power and auxiliary feedwater available
However, in this case, the operator fails to provide CST makeup per procedure and core
cooling is lost. In both scenarios, the core melts with the RCS at high pressure with the
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likely consequence of induced hot leg piping failure. However, core melt is not arrested
in-vessel and the debris falls into the cavity and is covered by water. Containment heat
removal is not available because of accident conditions. For release category W, a late
contairment rupture is more likely than a late containment leak.

Category G (early) releases are due to phenomenological assessments of events such
as hydrogen burns or direct containment heating occurring at about the time of vessel
failure for all core damage sequences and sequences associated with containment
isolation failure. Seismic-induced loss of containment isolation sequences amount to
about 1% of all seismic core damage frequency. The two overall dominant sequences
discussed earlier contribute 56% to this class. Loss of containment isolation sequences
contribute to 38% of this class. The most significant cutset (33%) is the unrecovered
loss or failure of all power sources and the turbine-driven auxiliary feedwater pump
leading directly to ~ore melt and vessel failurs.

Category B releases are the induced steam generator tube rupture bypass class of
accidents. The most dominant overall sequence, which contributes 87% of this category
is an SBO sequence with no AC power recovery and loss of turbine-driven AFW pump.

One major insight that can be drawn regarding the Level 2 effects is that the frequency
of seismic-induced bypass sequences is low. When compared to the IPE results, since
there are no ISLOCAs or SGTRs directly caused by seismic events, the frequency is low
both absolutzly and as a fraction of the core damage frequency.

Another important insight is thai the proportion of “ no containment failure” outcomes of
seismic events is less than for th2 internal events and the fire-induced events. The
predominance of station blackout type accidents, with no credit for long-term recovery,
results in no mitigation of the accident in-vessel or in-containment

Most of the containment failures that do occur are late failures. The majority of the
containment failures that do occur are leaks rather than ruptures. These results are
consistent with the IPE. The contribution of basemat failure to the small release
category is higher for seismic events than for fire and internal initiating events. This
type of “late and small releases” can be reduced if long-term recovery actions are
credited for the Level 2 analysis.
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3.8 USIA-45 GI-131, AND OTHER SEISMIC SAFETY ISSUES
This section discusses the following NRC safety issues with respect to seismic risk:
1. US!I A45 Shutdown Decay Heat Removal Requirements

GI-131 Potential Seismic Interaction Involving the Movable In-Core
Flux Mapping System Used in Westinghouse Plants

3. USI A-40 Seismic Design Criteria

4 USI A-46 Verification of Seismic Adequacy of Equipment in Operating
Plants

5. USI A-17 System Interactions in Nuclear Power Plants

6. US| A-40 Seismic Capability of Large Safety-Related Above-Ground
Tanks

7. s Eastern U.S. Seismicity (Charleston Earthquake) Issue

8. GI-57 Effects of Fire Protection System Actuation on Safety

Related Equipment

381 USIA45  DECAY HEAT REMOVAL

The USI A-45 issue is concerned with reliability and potential vulnerabilities in decay
heat removal systems, both for internal and external events. For SONGS 2/3, the
safety-related decay heat removal systems for the A-45 issue include the auxiliary
feedwater system, the high and lcw pressure safety injection systems, and the
containment spray system. Support systems may include electric power, cooling water
(chilled water, CCW and SWC), air/nitrogen, and room cooling and ventilation.

For the case of a transient or small LOCA, the AFW system removes decay heat
through the steam generators either to the main condenser or to the atmosphere
through the atmospheric dump valves or secondary side safety valves. Long-term
decay heat removal is provided through the closed loop shutdown cooling system
(SDC), utilizing the LPSI pumps and SDC heat exchangers. In case of a LOCA, the
HPSI, LPSI, and CS systems can provide primary inventory makeup and decay heat
removal during recirculation. Containment heat removal is also available from the
containment fan coolers for the LOCA events.

Each of these systems were included in the analysis of potential earthquakes for the
IPEEE. Based on the relatively low CDF from earthquakes at SONGS 2/3 and the
conservatism included in the seismic modeling process, there are no identified
vulnerabilities in the decay heat removal systems. Generally, the sequences leading to
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potential core damage involve the seismic initiating event and multiple failures of
redundant equipment, often requiring failure of potential operator recovery actions
While the AFW system is very important for decay heat removal, the system
components and tanks have high seismic capacity. All of the AFW equipment screens
out of the seismic analysis, with the exceptions of the condensate storage tanks (median
capacity greater than 8g) and the turbine governor valve (median capacity of 5.6g)
Because of the high seismic capacity of the diverse mo.or driven AFW pumps,
sequences with seismic failure of the turbine governor valve contributed less than 1E-
8/yr to the core damage frequency. Sequences with seismic failure of the CSTs
contributed about 5E-7/yr to the overall CDF, which is not significant.

While a seismic-induced LOCA would be very rare, it was analyzed in the seismic
IPEEE analysis. The HPSI, LPSI, and CS system, and the RWST all have high seismic
capacity, and their direct seismic failure contribute insignificantly to CDF

Systems that support the front-line decay heat removal systems also have generally
high seismic capacity. The dominant seismic failures were discussed in previous
sections, with the two dominant failures involving the 480 v MCCs and switchgear
(median capacity of 4 5g), and the loss of instrumentation and control assumed if the
auxiliary building fails (i~ edian capacity of 5.4g). These failures contributec about 1.1E
5/yr to the seismic CDF, which is 2/3 of the CDF due to seismic events The NRC staff
has previously used 3E-5/yr as the criterion for acceptably small decay heat removal
risk. Since the SONGS 2/3 seismic risk is relatively low, it is not judged to be a decay
heat removal vuinerability.

In summary, a plant-specific systematic evaluation has been performed for SONGS 2/3
to identify any poteritial vulnerabilities in the decay heat removal systems. No
vulnerabilities were identified for seismic initiating events

382 G131 POTENTIAL SEISMIC INTERACTION INVOLVING THE MOVABLE IN-
CORE FLUX MAPPING SYSTEM USED IN WESTINGHOUSE
PLANTS

SONGS 2/3 is a Combustion Engineering design plant, and is not subject to this
potential seismic interaction. Therefore, this issue is considered closed for SONGS 2/3
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383 USIA-40 SEISMIC DESIGN CRITERIA

USI A-40 investigates selected areas of the seismic design process. The NRC staff
identified alternative approaches to certain design procedures and modifications to the
NRC criteria in the Standard Review Plan to reflect the current state of the art and
industry practice. The concern for the seismic capacity of safety-related above-ground
tank (at the SSE) is included in USI A-46. USI A-40 is not applicable to SONGS 2/3
since SONGS 2/3 are modern design plants, and the seismic design criteria address the
issues identified in USI A-40. Therefore, this issue is considered closed for SONGS
2/3.

384 USIA46 VERIFICATION OF SEISMIC ADEQUACY OF EQUIPMENT IN
OPERATING PLANTS
USIA-17: SYSTEM INTERACTIONS IN NUCLEAR POWER PLANTS
USI A-40: SEISMIC CAPABILITY OF LARGE SAFETY-RELATED ABOVE-
GROUND TANKS

The A-46 issue applies to older plants with a construction permit application docketed
before 1972 and does not apply to SONGS 2/3. The scope of A-46 has been
expanded by the NRC to include the seismic spatial system interaction of USI A-17 and
the concern of US| A-40 for the seismic capability of large safety-related above-ground
tanks Spatial interactions were specifically addressed in the seismic capacity
walkdowns and checklists, and the large safety-related yard tanks were demonstrated to
have high seismic capacity. Therefore, all of these issues have been adequately
addressed by the SONGS 2/3 seismic design criteria and methods and by the seismic
capacity walkdowns. These issues are considered closed for SONGS 2/3

385 EASTERNU.S. SEISMICITY (CHARLESTON EARTHQUAKE) ISSUE

This issue is not applicable to SONGS 2/3 and is considered closed.

386 GI-57: EFFECTS OF FIRE PROTECTION SYSTEM ACTUATION ON
SAFETY RELATED EQUIPMENT, AND NUREG/CR-5088, FIRE RISK
SCOPING STUDY

GI-57 and the Fire Risk Scoping Study (FRSS) raised questions regarding seismic-fire
interactions, and the notential impacts of spurious actuation of fire protection systems
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Seismic-induced fire/flood interaction issues, including spurious actuation of the fire
protection systems, were evaluated in detail as discussed in section 3.34. These
evaluations included issues such as fires due to potential sources of flammable liquids
or hydrogen, and floods due to multiple actuations of fire suppression systems. The
overall result is that any potential seismic-induced fires or floods will not affect safety
equipment needed for shutdown during or after a seismic event, and the issues are
considered closed.

Based on the above discussions, ail of these issues are considered closed for SONGS
2/3.

3.9 SUMMARY OF SEISMIC ANALYSIS RESULTS

SCE performed the SONGS 2/3 seismic risk analysis using methods consistent with
NUREG/CR-2300 and NUREG/CR-4840 which meet the requirements of Generic Letter
88-20, Supplement 4 This includes development of a plant-specific hazard curve,
completion of plant-wide walkdowns of all safety equipment, plant-specific fragility
analysis, and sensitivity and uncertainty analyses. The analysis resulted in several
plant modifications which are included in the final results. These modifications and
their status are provided below:

- improvement in the reliability of cross-connecting Units 2 and 3 to allow a
unit's emergency diesel generators to supply power to the other unit in the
event the other unit has a station blackout (improved 4kV power
availability)

STATUS: Implementation by the end of the Cycle 9 refueling outage.

. strengthening of ammonia tank supports (removes ammonia spill hazard)

STATUS: Implementation by the end of the Cycle 9 refueling outage.

. removal of floor grating surrounding AFW valve actuators (allow valve
movement without spatial interaction with surrounding grating)

STATUS Implementation by December 30, 1995
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. removal of concrete plug surrounding Unit 2 diesel generator fuel oil
transfer piping (2) (improves piping's seismic capacity)

STATUS:  Implementation by December 30, 1995

. fastening adjacent electrical cabinets/panels together (prevent interactions
and relay chatter)

STATUS:  Implementation by March 31, 1996
. stabilizing light fixtures that interact with electrical cabinets
STATUS: Implementation by December 30, 1995.
After modifications, the mean seismic core damage frequency for SONGS 2/3 is
1 7E-Slyear.
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TABLE 3.111
SEISMIC EQUIPMENT LIST

=

ITEM SYSo'l'E';r DESCRIPTION TAG NUMBER | SA(g)] Bs By
1 HPS| RWST 27005 $21204MT005 87 0.36 042
2 HPS! RWST 2T006 $21204MT006 87 0.36 0 42
3 HPSi RWST Lo Level Xmitter (RAS) 2L TO3051 S N/A N/A
4 HPS! RWST Lo Level Xmitter (RAS) 21.T03052 S N/A N/A
) HPS| RWST Lo Level Xmitter (RAS) 2L.T03053 S N/A N/A
8 HPSI RWST Lo L evel Xmitter (RAS) 2L T03054 S N/A N/A
7 HPSI RWST iso Viv 2HVI300 2HVS300 S N/A N/A
8 HPSI RWST Iso. Viv 2HVS301 2HVI301 S N/A N/A
9 HPSI Pump 2P017, Train A $21204MPO17 S N/A N/A
10 HPS| Pump 2P018 (Swing) $21204MP018 S N/A N/A
11 HPSI HPSI 2P018 Transfer Switch - (B) $21804E D004 S N/A N/A
12 HPSI Pump 2P019 $21204MP019 S N/A N/A
13 HPSI Sump Iso Viv 2HVS304 ('8") 2H V9304 S N/A N/A
14 HPS| Sump Iso. Viv 2HV930S (A') 2H /9305 S N/A N/A
15 HPSI Loop 1A Inject Line Isolation VI/ 2HVE323 S N/A N/A
16 HP S| Loop 1A Inject Line Isolation Viv 2HV9324 S N/A N/A
17 HPSI Loop 1B inject Line Isclation Viv 2HV9326 S N/A N/A
18 HPS| Loop 1B Inject Line Isolation Viv 2HV9327 S N/A N/A
19 HPS! Loop 2A Inject Line Isolation Viv 2HV9329 S N/A N/A
20 HPSI Loop 2A Inject Line Isolation Viv 2HV9330 S N/A N/A
21 HPSI Loop 28 Inject Line isolation Viv 2HVS332 S N/A N/A
22 HPS| Loop 2B Inject Line |eolation Viv 2HV9333 S N/A N/A
23 HPSI Loop 2 Hot Leg Inj. Isolation Viv 2HV9420 S N/A N/A
24 HPS! Loop 1 Hot Leg Inj Isolation Viv 2HV9434 S N/A N/A
25 HPSI HPSI Injection Flow Transmitter (1A) 2FT0311-2 S N/A N/A
26 HPS| HPS| Injection Flow Transmitter ‘18) 2FT0321-1 S N/A N/A
27 HPSI HP S| injection Flew Transmitter (2A) 2FT0331-1 S N/A N/A
28 HPSI HP S| injection Flow Transmitter (28) 2FT0341-2 S N/A N/A
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TABLE 3.11-1
SEISMIC EQUIPMENT LIST
ITEM| SYSTEM DESCRIPTION TAG NUMBER | SA (g) Ba By
29 LPSI Pump 2P015 $21204MP015 >10 0.35 03
30 LPSI Pump 2P016 $21204MP016 »10 035 03
k) LPSI Mini-flow Valve for 2P015 2MV8162 S N/A N/A
32 LPSI Mini-flow Vaive for 2P016 2HV8163 S N/A N/A
33 LPSI LPSI'SDC Flow Controi Viv 2HV0396 ] N/A N/A
34 LPSI LPSI/SDC Flow Control Vi 2HV8 160 8 N/A N/A
35 LPSI LPSI/SDC Flow Control Viv 2HV8161 $ N/A N/A
36 LPSI LPSI| Header to RCS Loop 1A Isol ViV 2HVE322 S N/A N/A
37 LPSI LPS| Header to RCS Loop 1B isol Viv 2HVO325 ) N/A N/A
38 LPSI LPS| Header to RCS Loop 2A Isol Viv 2HVS328 S N/A N/A
39 LPSI LPS| Header to RCS Loop 2B Isol Viv 2HVE331 S N/A N/A
40 CSS HPSI/LPSI/CS Mini-flow Iso Viv 2MHVI308 S N/A N/A
41 CS$ HPSILPSICS Mini-flow Iso Viv 2HV9307 S N/A N/A
42 CSS$S HPSI/LPSI/CS Mini-flow Iso Viv 2HVS347 S N/A N/A
43 CSS HPSILPSI/ICS Mini-flow Iso Viv 2HV9348 S N/A N/A
4 CSS Containment Emerg Sump Iso Viv 2HVS302 8 N/A N/A
45 CSS Containment Emerg Sump Iso Viv 2HVS303 S N/A N/A
46 CSS Cont Emerg Sump Level Transmitter-1E 2L T9386 S /A N/A
47 CS$§ Cont Emerg Sump Level Transmitter-1E 2L 79389 S N/A N/A
48 CSS Containment Spray Pump 2P012 S21206MPQ12 >10 038 03
43 CSS Containment Spray Pump 2P013 $21206MP013 >10 035 03
50 CSS SDC Heat Exchanger 2E003 521206MEQ03 10 0.3 0.25
51 CS$ SDC Heat Exchanger 2E004 §21206ME004 10 03 0.25
§2 CS$S Containment Spray Isol Viv "A" 2HV9367 S N/A N/A
53 CSS Containment Spray Isol Viv "B" 2H V9368 S N/A N/A
54 CSS SDC HX 2E004 Outlet Viv to SDCS (A) 2HV8150 S N/A N/A
55 CSS SDC HX 2E004 Inlet Vv from SDCS (A) 2HV8152 S N/A N/A
56 CSS SDC HX 2E003 Outlet Viv to SDCS (B) 2HV8151 S N/A N/A
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TABLE 3.11-1
SEISMIC EQUIPMENT LIST

ITEM| SYSTEM DESCRIPTION TAG NUMBER | SA(g)| Bg By
57 C8S SDC HX 2E003 Inlet Viv from SOCS (B) 2HV8153 S N/A N/A
58 CS8S SDC HX 2E003 CCW Isol Viv. Tr A 2HV8501 S N/A N/A
59 CSS SDC 2E003 CCW Isol VIV Accumulator $21203MV085 >10 N/A N/A
60 CSS SDC HX Isol Viv 2HVES501 Sol Operator 2HY6501 S N/A N/A
61 C88 SDC HX 2E004 CCW Isol Viv, Tr B 2HVES00 ] N/A N/A
62 CSS SDC 2E004 CCW Isol VIv Accumulator $21203MV0886 >10 N/A N/A
63 CSS SDC HX iso Viv 2HVE500 Sol Operator 2HY8S500 S N/A N/A
64 CSS$ Cont. Emergency Cooling Unit S$21501ME399 S N/A N/A
65 CSS8 Cont EmergcncLCoohng Unit $21501ME400 S N/A N/A
656 CSS Cont Emofrncy Cooling Unit $21501ME401 S N/A N/A
67 CSs Cont. Emergency Coeling Unit $21501ME402 S N/A N/A
68 CSS Containment Normal Cwﬂum $21501ME393 S N/A N/A
89 C8S Containment Normal Cooling Unit 21501 ME 354 S N/A N/A
70 CS8S Containment Normal Cooling Unit $21501ME 396 S N/A N/A
71 CS$ Containment Normal Cooling Unit $21501ME397 S N/A N/A
72 CS8S Containment Normal Cooling Unit $21501ME398 S N/A N/A
73 CSS CCW to ECU 2ME399 Sup Iso Viv (A) 2HVE370 S N/A N/A
74 CSS CCW to ECU 2ME399 Disch Iso Viv (A) ZHVE371 S N/A N/A
75 CSS CCW to ECU 2ME400 Sup Iso VIV (B) 2HV8368 S N/A N/A
76 CSS CCW to ECU 2ME400 Disch Iso Viv (B) 2H VB389 S N/A N/A
77 CSS CCW to ECU 2ME401 Sup Iso VIv (A) 2H V6366 S N/A N/A
78 CSS CCW to ECU 2ME401 Disch Iso Viv (A) 2HVB367 S N/A N/A
79 CSS CCW to ECU 2ME402 Sup Iso Vv (B) 2HVE372 S N/A N/A
80 CSS CCW to ECU 2ME402 Disch Iso Vv (B) 2HVB373 S N/A N/A
81 CSS  JCntmt Spray Hdr Flow Transmitter (A) 2FT0338-1 S N/A N/A
82 C8S Cntmt Spray Hdr Flow Transmitter (B) 2FT0348-2 S N/A N/A
83 CSS Containment Spray Headers Vanous -] N/A N/A
84 CSS Auxiliary Relay Cabinet 2.493 11.2 0.28 0.28
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TABLE 3.111
SEISMIC EQUIPMENT LIST
oy e
ITEM] SYSTEM DESCRIPTION TAG NUMBER | SA(g)] Bg By
85 SIT Safety injection Tank TO08 Vent Valve 2HV9345 S N/A N/A
86 SIT Safety Injection Tank TOO7 Vent Vaive 2HV9355 S N/A N/A
87 SIT Safety Injection Tank TC09 Vent Vaive 2HVO365 S N/A N/A
88 SIT Safety Injection Tank TO10 Vent Valve 2HVS375 $ N/A N/A
89 SIT Safety injection Tank 2T007 (B) $21204MT007 S N/A N/A
90 SIT Safety Injection Tank 2T008 (A) $21204MT008 S N/A N/A
91 SIT Safety Injection Tank 27009 (A) $21204MT009 S N/A N/A
92 SIT Safety Injection Tank 2T010 (B) $21204MT010 S N/A N/A
93 SIT SIT 2T010 Outlet Viv to RC Loop 28 (B) 2HVS370 S N/A N/A
G4 SIT SIT 27009 Outlet Viv to RC Loop 2A (A) 2HV9360 S N/A N/A
95 SIT SIT 2T008 Outlet Viv to RC Loop 1A (A) 2HV9340 S N/A N/A
96 SIT SIT 2T007 Outlet Viv to RC Loop 1B (B) 2HV9350 S N/A N/A
g7 SIT SIT 2T008 Loop Drain Isol Viv 2HV9341 S N/A N/A
98 SIT SIT 2T008 Loop Drain Isol Viv Sol OP 2HY9341 S N/A N/A
99 SIT SIT 2T007 Loop Drain Isol Viv 2HVS351 S N/A N/A
100 SIT SIT 2T007 Loop Drain isol Viv Sol OP 2HY9351 S N/A N/A
101 SIT SIT 2T008 Loop Drain Isol Viv 2HV9361 S N/A N/A
102 SIT SIT 2T009 Loop Drain Isol Viv Sol OP 2HY9381 S N/A N/A
103 SIT SIT 27010 Loop Drain Isol Viv 2HVS371 8 N/A N/A
104 SIT SIT 2T010 Loop Drain Isol Viv Sol OP 2HY9371 S N/A N/A
108 oy Condensate Storage Tank 27120 $21305MT120 8 44 0.35 0.2
106 AFW Condensate Storage Tank 2T121 $21305MT121 8.7 036 042
107 AFW 2T-121 Level Transmitter 2L T32041 S N/A N/A
108 AFW 2T-121 Level Transmitter 2L T32042 S N/A N/A
109 AFW Turbine AFW Pump 2P 140 $21305MP140 >10 N/A N/A
110 AFW TDAFW Control Panel 20298 S N/A N/A
111 AFW AFW Pump 2P140 Turbine $21305MK007 >10 N/A N/A
112 AFW Temp Suction Strainer (2P140) - S N/A N/A
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TABLE 3.11-1
SEISMIC EQUIPMENT LIST
e e i ¥

ITEM] SYSTEM DESCRIPTION TAG NUMBER | SA(g) Bg By
113 AFW  fMotor Driven AFW Pump 2P 141 $21305MP141 5 N/A N/A
114 AFW Temp. Suction Strainer (2P141) — S N/A N/A
115 AFW  Motor Driven AFW Pump 2P504 $21305MP504 S N/A N/A
116 AFW | Temp. Suction Strainer (2P504) et S N/A N/A
117 AFW Flow Control Vaive (2P141) 2MV4713 S N/A N/A
118 AFW Flow Control Vaive (2P504) 2HV4712 ) N/A N/A
119 AFW  [Fiow Controi Vaive (2P140) 2HV4705 S N/A N/A
120 AFW Flow Control Valve (2P140) 2HV4706 S N/A N/A
121 AFW Bypass Control Vaive (2P504) 2HV4762 ) N/A N/A
122 AFW AFW 2P504 TO E088 Bypass Sol /v 2HY 47622 S N/A N/A
123 AFW Bypass Control Valve (2P141) 2HV4763 S N/A N/A
124 AFW  JAFW 2P141 TO E089 dypass Sol Viv 2HY47631 S N/A N/A
126 AFW Cont Isolation Valve (2E088) 2MHV4714 8 N/A N/A
126 AFW  JAFW to SG 2E088 2HV4714 Sol Op 2HY47142 S N/A N/A
27 AFW  JCont Isolation Vaive (2E088) 2HV4730 S N/A N/A
128 AFW Cont_Isolation Valve (2E089) 2HV4715 S N/A N/A
129 AFW Cont. Isolation Valve (2£089) 2HV4731 S N/A N/A
130 AFW AFW to SG 2E£089 2HV4731 Sol Op 2HY47311 S N/A N/A
131 AFW Flow Transmitter (2E088) 2FIT4720 S N/A N/A
132 AFW Flow Transmitter (2E089) 2FIT4725 $ N/A N/A
133 AFW Turbine Pump Stop Valve 2HV4716 S N/A N/A
134 AFW Turbine Pump Governor 25V4700 5.62 0.36 0.28
135 AFW S/G 2E089 to AFWPT 2K007 Isol Viv 2HV8200 S N/A N/A
136 AFW $/G 2E088 to AFWPT 2K007 Isol Viv 2H V8201 S N/A N/A
137 AFW Aux Refay Pnl for 2HV4705, 2HV4730 2MS4705 10.28 Q.28 028
138 AFW Aux Relay Pnl for 2HV4706, 2HV4715 2MS4706 10.28 0.28 028
139 AFW Aux Relay Panel for 2HV4718 2MS4718 12.3 Q.26 0.28
140 AFW TOAFW 2MV4716 Control Panel 20443 11.2 0.28 028
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TABLE 3.11-1
SEISMIC EQUIPMENT LIST
— —

ITEM] SYSTEM DESCRIPTION TAG NUMBER | SA(g)] 0g By
141 AC 4k\V Bus 2A04 $521804ESAQ4 13.5 0.3 033
142 AC 4kV Bus 2A086 $21804E SA06 138 03 0.33
143 AC 480V Bus 2804 $21805ESB04 51 0.3 028
144 AC 480V Bus 2B06 $21805ESBO6 5.1 03 0.28
145 AC 480V Bus 2BD $21805E880 452 0.37 0.25
146 AC 480V Bus 2BE $21805ESBE 452 0.37 0.25
147 AC 480V Bus 28H 521805ESBH 452 0.37 0.25
1458 AC 480V Bus 28J S21805ESBJ 452 0.37 025
149 AC 480V Bus BQ (Common) SA1805ESBQ 452 0.37 0.25
150 AC 430V Bus 2BRA $2180SESBRA 452 0.37 0.25
151 AC 430V Bus 2BRB 521805ESBRB 452 0.37 0.25
152 AC 480V Bus BS (Common) SA1805ESBS 452 0.37 02§
153 AC 480V Bus 2BY S21805ES8BY 452 037 0.25
154 AC 480V Bus 282 $21805E8BZ 452 0.37 0.26
155 AC 4kV- 480V Transformer 2B04X $21805E SBO4X >10 03 0.28
156 AC 4kV- 480V Transformer 2B06X $21805E SBO6X >10 0.3 0.28
157 AC NML Res Aux Transformer 2XR1 S21804ETXR1 052 0.3 0 45_
158 AC NML Res Aux Transformer 2XR2 S$21804ETXR2 0.52 0.3 0 45
159 AC Line Voltage Regulator 2T062 §21807ET062 452 0.37 0.25
160 AC Line Voltage Regulator 27063 $21807ET063 4 52 0.37 0.25
161 AC Line Regulator 2Y008 §21807E Y008 S N/A N/A
162 AC Line Regulator 2Y009 S21807E Y009 8 N/A N/A
1683 AC 120VAC Vital Bus 2Y01 $21807E Y01 105 0.28 0.28
164 AC 120VAC Vital Bus 2Y02 S$21807EY02 105 028 0.28
165 AC 120VAC Vital Bus 2Y03 $21807EY03 10.5 028 0.28
166 AC 120VAC Vital Bus 2Y04 S$21807EY04 10.5 0.28 028
167 AC 120VAC Bus 2Q062 S21807EQOQ62 S N/A N/A
168 AC 120VAC Bus 2Q0€3 $21807EQ063 S N/A N/A
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TABLE 3.111
SEISMIC EQUIPMENT LIST
e e B &

ITEM| SYSTEM DESCRIPTION TAG NUMBER | SA(g)| Dg By
169 AC 120VAC Transfer Switch 2YVS1 $21807EQ06301 S N/A N/A
170 AC 120VAC Transfer Switch 2YVS2 $21807EQ06201 S N/A N/L
171 AC 120VAC Transfer Switch 2YVS3 $21807EQ06302 S N/A N/A
172 AC 120VAC Transfer Switch 2YVS4 S21807EQ06202 S N/A N/&
173 AC Class 1€ Aux Relay Pni Load Group A 20420 S N/A N/A
174 AC Class 1E Aux Relay Pnl Load Group B 21421 S N/A N/A
175 AC 120VAC Inverter 2YO1 S21807TE Y001 10.5 0.28 0.28
176 AC 120VAC Inverter 2Y02 S21807EY002 10.5 0.28 0.28
177 AC 120VAC Inverter 2Y03 $21807E Y003 10.5 0.28 0.28
178 AC 120VAC Inverter 2Y04 $21807E Y004 10.8 028 0.28
179 AC Res Aux Tran 2XR1 Disconnect Switch $21802EDQO1 074 02 0 34
180 AC Res Aux Tran 2XR2 Disconnect Switch $21802ED002 0.74 0.2 0.34
181 AC Res Aux Tran 2XR3 Disconnect Switch $21802ED003 074 0.2 034
182 AC Switchyard None 074 0.2 034
183 AC Unit Protective Relay Cabinet 2L070 >10 N/A N/A
184 AC 1 20VAC Inverter 6 $21807E Y008 118 0.28 0.28
185 AC 1 20VAC Inverter 7 $21807TEY0Q7 118 0.28 0.28
186 DC 125VDC Bus 201 $21806EQD1 ] N/A N/A
187 DC 125VDC Bus 202 $21806EQD2 S N/A N/A
188 DC 125VDC Bus 203 ».'B06EQD3 S N/A N/A
189 DC 125VDC Bus 204 §21806EQD4 S N/A N/A
190 DC Battery 2B007 $521806EB007 10 03 033
191 DC Battery 28008 $21306EBOO8 10 0.3 033
192 DC Battery 2B009 $21806EB009 10 03 033
193 DC Battery 28010 $21806EBO10 10 0.3 0.33
194 DC Battery Charger 28001 $21806EBOO1 10 0.3 028
195 DC Battery Charger 28002 $21806EB002 10 03 0.28
196 DC Battery Charger 28003 $21806EBOC3 >10 03 0.28
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TABLE 3.111
SEISMIC EQUIPMENT LIST

ITEM| SYSTEM DESCRIPTION TAG NUMSBER | SA(g)
197 DC Battery Charger 28004 $21806E8B004 >10 03 0.28
198 DC 125VDC 1E Distribution Panel 201P1 $21806EQD1P1 S N/A N/A
199 DC 125VDC 1E Distribution Panel 202P1 $21806EQD2P1 S N/A N/A
200 DC 125VDC 1E Distribution Panel 203P1 $21806EQD3P1 S N/A N/A
201 DC 125VDC 1E Distribution Panel 2D4P1 $21806EQD4P1 S N/A N/A
202 CVCS VCT to Chg Pp Header Isolation Valve 2LV02278 S N/A N/A
203 CVCS JRWST to Chg Pp Suction Hdr Iso Viv 2LV0227C S N/A N/A
204 CVCs _|Charging PP Injet Accumuiator (2P190) $21208MW246 S N/A N/A
205 CVCS |Charging PP Inlet Accumulator (2P191) $21208MW247 S N/A N/A
206 cVeS |Charging PP Inlet Accumulator (2P192) $21208MW248 S N/A N/
207 CVCS |Chg Pp Outlet Accumulator (2P 190) $521208MW218 S N/A N/A
208 CVCS |Chg Pp Outlet Accumulator (2P191) $21208MW219 S N/A N/A
209 CVCS __1Chg Pp Outiet Accumulator (2P192) $21208MW220 S N/A N/A
210 CVvCSs Charglﬂmp 2P190 521208MP 190 S N/A N/A
211 CVCH Charging Pump 2P 191 $21208MP191 S N/A N/A
212 cves |charging Pump 2P182 $21208MP192 S N/A N/A
213 CVCS |Charging To Regen HX iso Viv 2HV8200 S N/A N/A
214 CVCS Charging Line to RCS Loop 2A Iso Vv 2HVS202 S N/A N/A
215 CVCS __jCharging Line to RCS Loop 1A iso Vv 2HV9203 S N/A N/A
216 cves |RC Loop to Regen HX Iso Viv 2HV9204 S N/A N/A
217 CVCS |Regenerative Heat Exchanger $21208ME063 ) N/A N/A
218 CVCS JRCS Letdown to Regen HX Cntrl Viv 2TVOo221 S N/A N/A
219 CVCS |Regen HX to Aux Spray Valve 2HV9201 8§ N/A N/A
220 CVCS JChem & Vol Cntrl Sys Control Panel 2CR0585803 S N/A N/A
221 SWC |SWC Pp 2P112 (A) - U2 intake $21413MP112 >10 035 0.3
222 SWC SWC Pp 2P113 (B) - U2 Intake $21413MP113 >10 0.35 03
223 SWC SWC Pp 2P114 (B) - U3 Intake S521413MP114 >10 035 03
224 SWC  [SWC Pp 2P307 (A) - U3 intake $21413MP307 >10 035 03
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ITEM| SYSTEM DESCRIPTION TAG NUMBER | SA(g)| Bg By
225 SWC JSWC and CCW Sys Controi Panel 2CR0O648S05 S N/A N/A
226 SWC JSWC Pp 2P112 Disch iso Viv (A) 2HV6200 S N/A N/A
227 SWC | 2HVE200 Actuator |A Accumulator $21413MV0ES >10 N/A N/A_
228 SWC  J2H\E200 Actuator |IA Ascumutator $21413MV070 >10 N/A N/A
229 SWC  JSWC 2P112 Disch Vv 2HV6200 Sol Op 2H Y6200 S N/A N/A
230 SWC |SWC Pp 2P113 Disch Ise Viv (B) 2HV6201 5 N/A N/A
231 SWC SWC Pp 2P307 Disch Iso Viv (A) 2H V6202 S N/A N/A
232 SWC 2HVB202 Actuator |IA Accumulator S$21413MV073 >10 N/A N/A
233 SWC 2HVB202 Actuator |A Accumulator $21413MV074 >10 N/A N/A
234 SWC |SWC Pp 2P114 Disch Iso Viv (B) 2HV6203 S N/A N/A
235 SWC  J2HV6203 Actuator IA Accumulator $21413MV076 >10 N/A N/A
236 SWC  J2HVE203 Actuator IA Accumulator $21413MV075 >10 N/A N/A
237 SWC JSWC 2P114 Disch Viv 2HV6200 Sol Op 2HY6203 S N/A N/A
238 SWC | SWC Discharge to Outfall (B) 2HVB495 S N/A N/A
239 SWC SWC Discharge to Outfall (A) 2H V6497 S N/A N/A
240 SWC Saltwater Cyclone Separator, 2P112 $21413MF 366 -] N/A N/A
241 SWC Saltwater Cyclone Separator, 2P113 S$21413MF 367 S N/A N/A
242 SWC ] Saltwater Cycione Separator, 2P307 $21413MF487 S N/A N/A
243 SWC Saltwater Cyclone Separator, 2P114 521413MF488 S N/A N/A
244 SWC Vent Float Viv To Atm, 2P112 $21413MW 458 S N/A N/A
245 SWC ] Vent Float Viv To Atm_2P113 $21413MW459 S N/A N/A
246 SWC }Vent Ficat Viv To Atm, 2P307 $21413MW460 8 N/A N/A
247 SWC Vent Float Viv To Atm,  2P114 S$21413MW 461 S N/A N/A
248 SWC SW from CCW Overflow to Seawall 2H V6494 S N/A N/A
249 SWC SWC Overflow Biock Viv to Seawall 2HVB496 S N/A N/A
250 SWC Intake Structure Traveling Screens None S N/A N/A
251 SWC 2HVE201 Actuator A Accumutator $21413MVO71 »10 N/A N/A
252 SWC 2HVE201 Actuator |1A Accumulator 521413MV072 >10 N/A N/A
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253 SWC Discharge Conduit Gate Nene B 0.2 02
254 CCW _ JCCW Pump 2P024 Train A $21203MP024 S N/A N/A
255 CCW  JCCW Pump 2P025 Train A/B $21203MPC25 S N/A N/A
256 CCW CCW 2P025 Transfer Switch $21804EDO0S S N/A N/A
257 CCW JCCW Pump, 2P026 Train B $21203MPQ26 S N/A N/A
258 CCW CCW NCL Retumn Isol Vv (A) 2HV6218 S H/A N/A
259 CCW NCL Iso Valve 2HV6218 Accumuiator $21203MV081 >10 N/A N/A
260 CCW NCL iso Valve 2HV6218 Accumutator $21203MV082 >10 N/A N/A
261 CCW NCL Iso Viv 2HV6218 Solenoid Op 2HY6218 S N/A N/A
262 CCW CCW NCL Return isolation Viv (B) 2HV6219 S N/A N/A
263 CCW NCL Iso Valve 2H V6213 Accumulator $21203MV083 >10 N/A N/A
264 CCW NCL Iso Valve 2HV6219 Accumulator $21203MV084 >10 N/A N/A
265 CCW NCL Iso Viv 2HV6219 Solenoid Op 2HYE219 S N/A N/A
26€ CCW 2P025 Suction Isol. Vaive (A) 2HVE222A S N/A N/A
267 CCW 2P025 Suction Isul Valve (A) 2HVE2228 ) N/A N/A
268 CCW  J2P025 Suction Isol. Valve (B) 2HVE224A S N/A N/A
269 CCW 2P025 Suction Isol. Valve (B) 2HV62248 8 N/A N/A
270 CCW 2P025 Discharge Isol Valve (A) 2HVE226A S N/A N/A
271 CCW 2P025 Discharge Isol Valve (A) 2HV62268 S N/A N/A
272 CCW 2P025 Discharge Isol. Valve (B) 2HVE228A S N/A N/A
273 CCW 2P025 Discharge Isol. Vaive (B) 2HV62288 S N/A N/A
274 CCW JCCW Supply to 2P025 Mtr Cir Iso Viv (A) 2HVE227 S N/A N/A
275 CCW CCW Supply to 2P025 Mtr Cir iso Viv (B) 2H V6229 S N/A N/A
276 CCW Pump 2P024 Mini-flow Isol. Valve 2HC V6537 S N/A N/A
277 CCW Pyump 2P025 Mini-flow Isol. Valve 2HC V8538 S N/A N/A
278 CCW Pumgp 2P026 Mini-flow Isol. Valve 2HCVB539 S N/A N/A
279 CCW 2P025 Mini-flow Return Isol. Valve 2H V6220 S N/A N/A
280 CCW 2P025 Mini-flow Return Isol Valve 2HV6221 S N/A N/A
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281 CCW __ J12P025 Mini-flow Return isol. Valve 2HVBS551 S N/A N/A
282 CCW__ J2P025 Mini-flow Return Isol Valve 2HVB552 S N/A N/A
283 CCW Surge Tank (Train A) $21203MT003 >10 N/A N/A
284 CCW  JPress Critl for CCW Surge Tank 2PCV6412-6414 ] N/A N/A
285 CCW __JSurge Tank (Train B) $21203MT004 >10 N/A N/A
286 CCW _ JPress Cntl for CCW Surge Tank 2PCV6418-6420 S N/A N/A
287 CCW __ JSurge Tank Outiet Valve (Train A) 2HV6225 S N/A N/A
288 CCW Surge Tank Outlet Vaive (Train B) 2HV8505 S N/A N/A
289 CCW  JCCW Heat Exchanger (Train A) $21203ME001 7.12 0.36 0.25
290 Cow__JCCW Heat Exchanger (Train B) $21203ME002 7.12 0.36 0.25
291 CCW Non-crit. Loop Suction Isol. Valve 2HV6212 S N/A N/A
292 CCW NCL Supply Iso 2HVE212 Accumulator $21203MV077 >10 N/A N/A
293 CCW __ INCL Supply Iso 2HVB212 Accurnulator $21203MV078 >10 N/A N/A
294 CCW |CCW NCL Supply Dutiet Cont Iso Viv (A) 2HV6211 s N/A N/A
295 CCW _ JCCW NCL Supply Inlet Cont Iso VIv (B) 2HVE223 S N/A N/A
296 CCW__ INCL Iso Vv Solenoid Operator (8) 2HY6212 S N/A N/A
297 CCW Non-crit. Loop Suction Isol Valve 2HVE213 S N/A N/A
298 CCW __INCL Supply Iso 2HVE213 Accumulator $21203MV078 >10 N/A N/A
299 CCW NCL Supply Iso 2HVE213 Accumulator $21203MV080 >10 N/A N/A
300 CCW __ JCCW NCL Retumn inlet Cont iso Viv (A) 2H\V6236 8 N/A N/A
301 CCW CCW NCL Return Outiet Cont Iso Viv (B) 2HVE216 S N/A N/A
302 CCW __INCL Iso Viv Solenoid Operator 2HY8213 S N/A N/A
303 CCW CCW Surge Tank Backup N2 Cylinders $22418MV057-070 S N/A N/A
304 CCW Fuel Bidg Post Acc Clean Up Unit $21504ME370 S N/A N/A
305 CCW Fuel Bidg Post Acc Clean Up Unit $21504ME371 S N/A N/A
306 CCW  |Letdown HX CCW Return Iso Viv (A) 2HVE293A s N/A N/A
307 CCW __ JLetdown HX CCW Return Iso Viv (B) 2HVBS22A S N/A N/A
308 CCW __ JLetdown HX CCW Supply Iso Vv (A) 2HVE2938 ) N/A N/A
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309 CCW Letdown HX CCW Supply Iso Viv (B) 2HVE5228 S N/A N/A
310 CCW__ ] Letdown Heat Exchanger $21208ME062 S N/A N/A
311 CCW  JLow Pressure Nitrogen Manifold 2/3TCV55608 3 N/A N/A
312 CCW JCCW Surge Tank 2T003 Backpress Reg 2PCV8358 8 N/A N/A
313 CCW | CCW Surge Tank 2T004 Backpress Reg 2PCVE361 S N/A N/A
314 CCW _ JCCW N2 Supply Viv to 27003 2PC V5403 S N/A N/A
315 CCW JCCW N2 Suppiy Viv to 2T004 2PC V5404 S N/A N/A
316 CCW CCW Surge Tank 27003 MU Supply Viv 2HVB273 S N/A N/A
317 CCW CCW Srg Tk 2T003 MU Sup Viv Sol Op 2HY6273 S N/A N/A
318 CCW JCCW Surge Tank 2T004 MU Supply Viv 2HV6278 S N/A N/A
319 CCW  JCCW Srg Tk 2T004 MU Sup Viv Sol Op 2HY6278 S N/A N/A
320 CCW JCCW Surge Tank 2T003 Level Trans (A) 2L T6498-1 S N/A N/A
321 CCW  JCCW Surge Tank 2T004 Level Trans (B) 2LT6499-2 S N/A N/A
322 CCW Primary Plant Maksup Storage Tank 5A1415MT0SS 3.03 0.2 0.2
323 CCW Primary Plant Makeup Storage Tank SA1415MT056 303 02 0.2
324 CCW  JCCW Seismic Makeup Pump 2P1018 (A) $21203MP1018 S N/A N/A
325 CCW JCCW Setsmic Makeup Pump 2P1018 (B) $21203MP1019 S N/A N/A
326 CCW  JPPMU to CCW Tr B M/U Disch Valve 2HVB568 S N/A N/A
327 CCW  JPPMU to CCW Tr A M/U Disch Vaive 2HVE570 S N/A N/A
328 CCW Essential PPMS 2L411 S N/A N/A
329 CCW _JCCW to ME336 Condenser Lo Flow Trip 2/3FICL6402 S N/A N/A
330 CCW | CCW to ME335 Condenser Lo Flow Trip 2/3FICLB408 S N/A N/A
331 MSS MS ADV (A) 2HVB419 »>10 N/A N/A
332 MSS MS ADV 2HV8419 Sol Operator 2HY8419C S N/A N/A
333 MSS MS ADV 2HV8419 Press Control 2HYB419A S N/A N/A
334 MSS MS ADV 2HV8419 Sol Operator 2HY84198 S N/A N/A
335 MSS S/G 2E089 Steam Flow Element 2FT1011 S N/A /A
336 MSS Main Steam Safety Valves 2P5V8401-8409 S N/A N/A
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337 MS$S MS ADV (B) 2H V8421 »10 N/A N/A
338 MSS MS ADV 2HV8421 Sol Operator 2HY8421C S N/A N/A
339 MSS MS ADV 2HV8421 Press Control 2HYB421A S N/A N/A
340 MSS MS ADV 2HVB421 Sol Operator 2HY84218 S N/A N/A
341 MS$S $/G 2E088 Steam Flow Element 2FT1021 S N/A N/A
342 MSS MSIV on 2E089 2HV8204 S N/A N/A
343 MSS MSIV 2HV8204 Dump Viv Sol 2HYB204Y1 S N/A N/A
344 MSS MSIV 2HV8204 Dump Viv Sol 2HY8204X1 S N/A N/A
345 MSS MSIV 2HV8204 Dump Viv Sol 2HYB8204Y2 $ N/A N/A
346 MSS MSIV 2HV8204 Dump Vv Sol 2HY8204X2 S N/A N/A
347 MS$ MSIV 2HVB205 Dump Viv Sol 2HY8205Y | $ N/A N/A
348 MSS MSIV 2HV8205 Dump Vv Sol 2HY8205X1 $ N/A N/A
343 MSS MSIV 2HV820S Dump Viv Sol 2HY8205Y2 S N/A N/A
350 MS3 MSIV 2HV8205 Dump Viv Sol 2HYRB205X2 £ N/A N/A
351 MSS MSIV on 2E088 2MVB205 4 N/A N/A
352 MSS Main Steam Safety Valves 2PSV8410-3418 S N/A N/A
353 MSS Steam Generator 2E088 $21301ME088 S N/A N/A
354 MSS Steam Generator 2E089 $21301ME089 S N/A N/A
355 M3S Steam Generator Water Control Panel 2CR0525504 »>10 N'A N/A
356 MSS N2 Supply to ADV 2HV8B419 2PCV8463 >10 N/A N/A
357 MS$S N2 Storage Acc to 2H V3413 $21301MT212 >10 N/A N/A
358 MSS N2 Suppiy to ADV 2HV8421 2PC V8465 >10 N/A N/A
359 MSS N2 Storage Acc to 2HV8421 $21301MT213 10 N/A N/A
360 MSS Biowdown Isolation Valve 2H V4053 ) N/A N/A
361 MSS Blowdown Isolation Valve 2HV4054 S N/A N/A
362 MSS Blowdown Isol Viv Sol Op for 2HV4053 2H Y4053 $ N/A N/A
363 MSS Blowdown Isol Viv Sol Op for 2HV4054 2HY4054 S N/A N/A
364 MSS Control Panel Area Turbine Control 2CR0OS54S5S05 »>10 N/A N/A
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365 MSS MSIV Bypass Viv 2HV8202 S N/A N/A
3686 MSS MSIV Bypass Viv. Sol Op 2HY8202 S N/A N/A
367 MSS MSIV Bypass Viv 2HV8203 S N/A N/A
368 MSS  IMSIV Bypass Viv. Sol Op 2HY8203 ) N/A N/A
369 DG Diesel Generator 2G002 $22420MG002 >10 N/A N/A
370 DG Diesel Generator 2G002 Contrel Pane! 21160 9.2 038 0.28
E14) DG Pressure Indication 2G002 21287 218 032 0 43
372 DG 2G002 Radiator Fan (20 Cylinder) S$22420MES546 116 0.28 Q.21
373 DG 2G003 Radiator Fan (16 Cylinder) S22420MESS50 11.6 0.28 0.21
374 DG DG 2G002 Transformer Panel 2L376 9.2 0.385 0.28
375 DG DG 26002 20 Cyl Eng Panel 21.286 218 032 043
376 DG Expansion Tank (2G002) $22420MT 162 S N/A N/A
377 DG Expansion Tank (2G002) $22420MT 190 $ N/A N/A
378 DG Fuel Oil Day Tank (2G002) $22421MT133 S N/A N/A
379 DG Air Receiver (2G002) $22420MT335 14 87 N/A N/A
380 DG Air Receiver (2G002) $22420MT 336 14 87 N/A N/A
381 DG Air Receiver (2G002) $22420MT339 14 87 N/A N/A
382 DG Air Receiver (2G002) $22420MT340 14 87 N/A N/A
383 DG Diesel Generator 2G003 §22420MG003 >10 N/A N/A
384 DG Diesel Generator 2G003 Control Panel 2L161 9.2 0.35 0.28
385 DG Pressure Indication 2G003 2L.289 218 0.32 0.43
386 DG 2G003 Radiator Fan (20 Cylinder) S22420MES47 116 028 0.21
387 DG 2G002 Radiator Fan (16 Cylinder) S$22420ME 549 116 0.28 021
388 DG DG 2G003 Transformer Panel 2L377 92 0.35 0.28
389 DG DG 2G003 20 Cyt_Eng. Panel 21.288 218 0.32 0.43
390 DG Expansion Tank (2G003) 822420MT 161 ) N/A N/A
391 0G Expansion Tank (2G003) S22420MT 189 S N/A N/A
392 DG Fuel Oil Day Tank (2G003) $22421MT134 8 N/A N/A
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393 DG Air Receiver (2G003) $22420MT337 14 87 N/A N/A
394 DG Air Receiver (2G003) $22420MT 338 14 87 N/A N/A
395 DG Air Receiver (2G003) S22420MT 341 14 87 N/A N/A
396 DG Air Recewer (2G003) S$22420MT342 14 87 N/A N/A
397 DG Diesel Fuel Transfer Pump for 2T035 S22421MP093 S N/A N/A
398 DG Diesel Fuel Transfer Pump for 2T036 S22421MP0S4 S N/A N/A
399 DG Diesel Fuel Trans! smp for 27036 522421MP095 ] N/A N/A
400 DG Diesel Fuel Transfer Pump for 2T035 522421 MP096 S N/A N/A
401 DG Diesel Fuel Storage Tank $22421MT038 S N/A N/A
402 DG Fuel Oil Transfer Pp 2G002 Cntrl Panel 2L 160A S N/A N/A
403 DG Diesel Fuel Storage Tank $22421MT036 S N/A N/A
4004 DG Fuel Oil Transfer Pp 2G003 Cntrl Panel 2L161A S N/A N/A
405 DG 2G002 Day Tank 2T133 Level Trans 2L.T5870-1 - N/A N/A
406 DG 2G003 Day Tank 27134 Level Trans 2L T5970-2 S N/A N/A
407 DG DG Bidg Emergency Supply Fan $21503MA274 8 N/A N/A
408 DG 0G Bidg Emergency Supply Fan $21503MA275 S N/A N/A
409 DG DG mency Supply Fan $21503MA276 S MN/A N/A
410 DG |DG Bidg Emergency Supply Fan $21503MA277 s N/A N/A
411 DG DG Air Intake Silencer (A) 522420MF 436 S N/A N/A
412 DG DG Air Intake Silencer (B! $22420MF 437 S N/A N/A
413 DG DG Arr Intake Silencer (A) S22420MF 440 S N/A N/A
414 DG DG Air Intake Silencer (8) S22420MF 441 3 N/A N/A
415 DG |DG Exhaust Silencer (A) $22420MF 438 S N/A N/A
416 DG DG Exhaust Silencer (B) $22420MF 439 S N/A N/A
417 DG DG Exhaust Silencer (A) S22420MF 442 S N/A N/A
418 DG DG Exhaust! Silencer (B) S22420MF 443 S N/A N/A
419 DG Electrical Mimic Bus Control 2/3CRO63 >10 N/A N/A
420 DG DG High kW Alarm Panel 2L.621 ) N/A N/A
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421 HVAC | Switchgear HVAC Cooler Unit 2E255 (A) 521510ME255 10 0.5 0.25
422 HVAC ] Switchgear HVAC Cooler Unit 2E257 (B) $521510ME 257 10 03 0.25
423 HVAC _]Toxic Gas Monitoring Panel 2/3L378 517 0.3 0.28
424 HVAC JHVAC Control Panel 21154 1573 0.28 028
425 HVAC |East ESF SWGR Rm Hi Temp Alarm 2TISH9812 S N/A N/A
426 HVAC jWest ESF SWGR Rm Hi Temp Alarm 2TISH9819 5 N/A N/A
427 HVAC JEast ESF SWGR Rm Hi Temp Alarm 2TISHE9820 S N/A N/A
428 HVAC JWest ESF SWGR Rm Hi Temp Alarm 2TISHO826 S N/A N/A
429 HVAC |Emergency Supply Fan 053 (A) SA1510MA0S3 S N/A N/A
430 HVAC JEmergency Supply Fan 054 (B) SA1510MADS4 S N/A N/A
431 HVAC llinverter Room 2A Hi Temp Alarm 2TISHI091A S N/A N/A
432 HVAC ]inverter Room 2B Hi Temp Alarm 2TISHO0918B S N/A N/A
433 HVAC Inverter Room 2C Hi Temp Alarm 2TISH9091C S N/A N/A
434 HVAC Inverter Roomn 2D Hi Temp Alarm 2TISHO081D S N/A N/A
435 HVAC Emergency Exhaust Fan 055 (B) SA1510MADSS S N/A N/A
436 HVAC JEmergency Exhaust Fan 056 (A) SA1510MADS6 S N/A N/A
437 HVAC JControl Room HVAC Units Vanous S N/A N/A
438 HVAC |Emergency Chiller Pump 2P160 (8) SA1513MP160 S N/A N/A
439 MVAC Emergency Chiller Pump 2P162 (A) SA1513MP162 S N/A N/A
440 HVAC JChiller ME335 Transfer Switch SA1804E D006 S N/A N/A
441 HVAC §Chiller ME336 Transfer Switch SA1804ED0Q7 8 N/A N/A
442 HVAC | Emergency Chiller Unit 2E335 (B) SA1513ME335 7.3 0.28 0.33
443 HVAC JEmergency Chiller Unit 2E336 (A) SA1513ME336 7.3 0.28 0.33
444 HVAC JCompression Tank 27122 (B) SA1513MT122 >10 N/A N/A
445 HVAC JCompression Tank 27123 (A) SA1513MT123 »>10 N/A N/A
446 HVAC JCharging 2P192 Emergency AC Unit 521509ME 435 S N/A N/A
447 HVAC [Charging 2P181 Emergency AC Unit 5$21509ME 436 S N/A N/A
448 HVAC | Charging 2P191 Emergency AC Unit 521509ME 437 S N/A N/A
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449 HVAC _ I Charging 2P190 Emergency AC Unit $21509ME 438 S N/A N/A
450 HVAC JHVAC System Control Panel 2CR060SS17 >10 N/A N/A
451 RCS Pressunzer Safety Valve 2PSV0200 S N/A N/A
452 RCS Pressurizer Safety Vaive 2PSV0201 S N/A N/A
453 RCS Pressurizer $21201ME087 S N/A N/A
454 RCS Reactor Coolant Pump 1A $21201MP0O1 8 N/A N/A
455 RCS Reactor Coolant Pump 2B $21201MP002 S N/A N/A
456 RCS Reactor Coolant Pump 18 $21201MP003 S N/A N/A
457 RCS Reactor Coolant Pump 2A $21201MP004 S N/A N/A
458 RCS Reactor Vessel $21101MVO01 S N/A N/A
459 RCS Reactor Vessel Core Barrel None S N/A N/A
460 RCS Reactor Core None S N/A N/A
461 RCS Reactor Vessel Internais None 8 03 0.25
462 RCS Reactor Contro! Elem Drive Mechanism $21104CEDM N/A N/A
463 RCS Quench Tank $21201MT011 S N/A N/A
464 RCS RCP Qil Drain Collection Tank 27215 821201MT215 >10 N/A N/A
485 RCS RCP Oil Drain Collection Tank 27216 $21201MT216 >10 N/A N/A
466 RCS Reactor Coolant Drain Tank $21901MT012 S N/A N/A
467 RCS RX Coolant Cntrl Sys Control Panel 2CR0OS0SS503 >10 N/A N/A
4658 RCS Reactivity Cntri Sys Control Panel 2CR0O518803 >10 N/A N/A
469 RCS RCP and PPS Control Panel 2CR056S802 >10 N/A N/A
470 ESFAS JPZR Ch A WR Pressure Transmitter 2PT0102-1 S N/A N/A
471 ESFAS JPZR Ch B WR Pressure Transmitter 2PT0102-2 8 N/A N/A
472 ESFAS JPZR Ch C WR Pressute Transmitter 2PT010.-3 S N/A N/A
473 ESFAS JPZR Ch D WR Pressure Transmitter 2PT0102-4 S N/A N/A
474 ESFAS JCntmt Ch A NR Pressure Transmitter 2PT0351-1 S N/A N/A
475 ESFAS JCntmt Ch B NR Pressure Transmitter 2PT0351-2 S N/A N/A
476 ESFAS ]Cntmt Ch C NR Pressure Transmitter 2PT0351-3 5 N/A N/A
477 ESFAS ]Cntmt Ch D NR Pressure Transmitter 2PT0351-4 S N/A N/A
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478 ESFAS |Cntmt Ch A WR Pressure Transmitter 2PT0352-1 S N/A N/A
479 ESFAS JCntmt Ch B WR Pressure Transmitter 2PT0352-2 S N/A N/A
430 ESFAS jCntmt Ch C WR Pressure Transmitter 2PT0352-3 S N/A N/A
481 ESFAS ICntmt Ch D WR Pressure Transmitter 2P70352-4 S N/A N/A
482 ESFAS |S/G 2E089 Level Transmitter 2LT1113-1 S N/A N/A
483 ESFAS ]S/G 2E088 Level Transmitter 2LT1113-2 S N/A N/A
434 ESFAS |S/G 2E089 Level Transmitter 2LT1113-3 S N/A N/A
435 ESFAS |S/G 2E088 Level Transmitter 2LT1113-4 S N/A N/A
486 ESFAS JS/G 2E088 Level Transmitter 2L.T1123-1 S N/A N/A
487 ESFAS |S/G 2E088 Level Transmitter 2LT1123-2 S N/A N/A
488 ESFAS |S/G 2E088 Level Transmitter 2LT1123-3 S N/A N/A
489 ESFAS |S/G 2E088 Level Transmitter 2LT1123-4 S N/A N/A
490 ESFAS JESF Actuation Sys Aux Cabinet A 20034 7.72 027 0.23
491 ESFAS JESF Actuation Sys Aux Cabinet B 2L035 7.72 0.27 0.23
492 ESFAS | Eng Safety Features Control Panel 2CRO578801 »10 N/A N/A
493 MSIS SG #1 (2E089) Pressure Transmitter 2PT1013-1 S N/A N/A
444 MSIS SG #1 (2E089) Pressure Transmitter 2PT1013-2 S N/A N/A
495 MSIS SG #1 (2E089) Pressure Transmitter 2PT1013-3 S N/A N/A
496 MSIS SG #1 (2E089) Pressure Transmitter 2PT10134 S N/A N/A
497 MSIS | SG #2 (2E088) Pressure Transmitter 2PT1023-1 S N/A N/A
498 MSIS SG #2 (2E088) Pressure Transmitter 2PT1023-2 S N/A N/A
499 MSIS SG #2 (2E088) Pressure Transmitter 2PT1023-3 S N/A N/A
500 MSIS SG #2 (2E088) Pressure Transmitter 2PT1023-4 S N/A N/A
. " CI8 PZR Steam Sample Isol Viv 2HV0510 S N/A N/A
202 CIS PZR Steam Sample Isol Viv 2HVO511 S N/A N/A
503 CIS Letdown Line Cont Isol Viv 2TV9267 S N/A N/A
504 C18 RCS Letdown to Letdown HX 2HV8205 S N/A N/A
505 CIS RCP Bleed-off to VCT Isol Viv 2HVE217 S N/A N/A
506 cCiS RCP Bleed-off to VCT Isol Viv 2HVE218 S N/A N/A
507 CIS Loop 1 Hot !>~ %2 nple Isol Viv 2HVO508 S N/A N/A
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508 CIS Common Hot Leg Sample Isol Viv 2HV0S09 S N/A N/A
509 CIS Loop 2 Hot Leg Sample Isol Viv 2HV0517 S N/A N/A
510 CIS Cont Air Rad Mon Isol Viv 2HV7800 S N/A N/A
511 CIS Cont Air Rad Mon Isol Viv 2HV7801 S N/A N/A
512 CiS Cont Air Rad Emergency Sample Viv 2HV7816 S N/A N/A
$13 CIiS Cont Air Rad Mon Isol Viv 2HV7802 5 N/A N/A
514 CIS Cont Air Rad Mon isol Viv 2HV7803 S N/A N/A
515 S PZR Surge Line Sample Isol Viv 2HV0512 S N/A N/A
516 PZR Surge Line Sampie isol Viv 2HV0513 S N/A N/A
517 CIS Cont Sump Viv to Radwaste isol Viv 2HVS803 S N/A N/A
518 CIS Cont Sump Viv to Radwaste Isol Viv 2HV5804 S N/A N/A
519 CiS Cont Air Rad Mon isol Viv 2HV7805 S N/A N/A
520 cIS Cont Air Rad Mon Isol Viv 2HV7810 8 N/A N/A
521 CIS Cont Air Rad Mon Isol Viv 2HV7806 S N/A N/A
522 CiS Cont Air Rad Mon Isol Viv 2HV7811 S N/A N/A
523 CI8 Cont Mini-Purge Supply Isol Viv 2H V9821 S N/A N/A
524 CIS Cont Mini-Purge Supply Isol Viv 2HV9823 S N/A N/A
525 CiS Cont Mini-Purge Exhaust Isol Viv 2HV9824 S N/A N/A
526 CIS Cont Mini-Purge Exhaust Isol Viv 2HV9825 S N/A N/A
527 CIS RCDT PPs Disharge from Cont 2HV7512 S N/A N/A
528 CIS RCDT 27012 Drain Isol ~ V7813 S N/A N/A
529 CI8 RCOT Vent to Waste Gas Header ; HVT7258 ] N/A N/A
530 CIS RCDT Vent to Waste Gas Header 2HV7258 S N/A N/A
531 CIS Cont Purge Supply Unit A374 isol Viv 2HV9848 S N/A N/A
532 CIS Cont Purge Supply Unit A374 Isol Viv 2HV9948 S N/A N/A
533 CiS Cont Purge Exhaust Unit Isol Viv 2HV9950 S N/A N/A
534 CIS Cont Purge Exhaust Unit Isol Viv 2HV9951 S N/A N/A
536 CI8 1E Aux Relay Panel Load Group A 21344 S N/A N/A
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536 CiS 1E Aux Relay Panel Load Group B 20345 S N/A N/A
537 CIS Quench Tank Cont. Isolation Valve 2HV0514 S N/A N/A
538 cCIS Quench Tank Cont_Isolaticn Vaive 2HVO515 S N/A N/A
539 CIS Quench Tank Cont. isolation Valve 2HVO0516 $ N/A N/A
540 CiS SG Secondary Sample Isolation Vaive 2HVA4057 - N/A N/A
541 Cis SG Secondary Sampie Isolation Valve 2HV4058 S N/A N/A
542 CIS Cont H2 Monitor Isolation Valve 2H V0500 S N/A N/A
543 CIS Cont H2 Monitor Isolation Valve 2HV0501 S N/A N/A
544 CIS Cont H2 Monitor Isolation Valve 2HV0S02 S N/A N/A
545 CIS Cont H2 Monitor Isolation Valve 2HVO503 S N/A N/A
546 MFW IFW & Condensate Control Panei 2CR0535504 >10 N/A N/A
‘ 547 MISC  |Polar Crane None S N/A N/A
548 MISC Penetration Sealslslqgixpanscon Joints - S N/A N/A
549 MISC Soil Berm around Demin 27226 268 277 - S N/A N/A
550 MISC Condenser Expansion Joints - 282 0.3 0.28
551 MISC Computer Console 2CR0S58821 >10 N/A N/A
552 MISC ] Control Room Recorders 2CR0585511 >10 N/A N/A
553 MISC ] Operators Desk 2CR0655S18 »>10 N/A N/A
554 MISC Remote Evacuation Shutdown Panel 2L042 >10 N/A N/A
555 PPS Plant Protection System (PPS) Cabinet 20032 7.72 0.27 023
556 PPS Reactor Trip Switchgear 20033 87 033 0.26
557 PPS Aux Relay Cabinet (NSSS) 2L071 83 0.32 0.22
558 PPS Aux Protective Cab CPC/CEAC 2L091 7.72 0.27 0.23
559 PPS Spec 200 Term Cab Procress Chan 1 2L121 S N/A N/A
560 PPS Spec 200 Term Cab Procress Chan 1 21122 S N/A N/A
561 PPS Spec 200 Term Cab Procress Chan 1 2L123 S N/A N/A
562 PPS Spec 200 Term Cab Procress Chan 1 2L124 S N/A N/A
. 563 PPS Spec 200 Term Cab Procress Chan 2 2L125 S N/A N/A

3A - 21




SONGS 2/3 Iindividual Plant Examination of External Events

TABLE 3.11-1
SEISMIC EQUIPMENT LIST
— =S
LLITEM SYSTEM DESCRIPTION TAG NUMBER | SA(g) Br By
564 PPS Spec 200 Term Cab Procress Chan 2 21126 S N/A N/A
565 PPS Spec 200 Term Cab Procress Chan 2 2L12 S N/A N/A
566 PPS Spec 200 Term Cab Procress Chan 2 20128 S N/A N/A
567 PPS Spec 200 Term Cab Procress Chan 3 21129 S N/A N/A
568 PPS Spec 200 Term Cab Procress Chan 3 21130 S N/A N/A
569 PPS Spec 200 Term Cab Procress Chan 4 20133 S N/A N/A
570 PPS Spec 200 Term Cab Procress Chan 4 2L134 ) N/A N/A
571 PPS Spec 200 Term Cab - NSSS 20137 S N/A N/A
§72 PPS Spec 200 Power Supply - Nes! Area 20138 S N/A N/A
573 PPS Spec 200 Power Supply - Nest Area 21139 - N/A N/A
574 PPS Spec 200 NSSS Proc ins Pwr Supply 20140 S N/A N/A
575 PPS Spec 200 Terminal Cabinet 20141 S N/A N/A
576 PPS Spec 200 Power Supply/Nest Area 20142 S N/A N/A
577 PPS Spec 200 Power Supply/Nest Area 20143 S N/A N/A
578 PPS Spec 200 NSSS Proc Ins <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>