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From: Buckberg, Perry

Sent: Tuesday, July 20, 2010 3:42 PM

To: Ray, Thomas J.; Jaffe, David

Cc: LaPay, William S.; Zhang, Jie Jennifer; Anderson, Richard G.; Kitzmiller, John T.; Maioli,
Andrea; Kopelic, Steven D.; Parello, James; 'Bob Hirmanpour'; Ziesing, Rolf F.; Brehm, Jason
A.

Subject: RE: Chapter 19 Open Item on Seismic Margin

Attachments: OI-SRP19 0-SPLA-12 Rev 3b MDP comments.pdf

Thom,

The attached is a marked up version of the draft RAl response you sent to me on 7/16/10.
Most comments in the attached are self-explanatory, but | want to highlight one:

On page 2 of 35, the paragraph below is included. This paragraph needs to be in DCD section 19.59.10.5
where the rest of the COL items are listed. It can be in both sections, but it has to be in 19.59.10.5.

In addition, provide a COL information item requiring COL applicants to update the SMA to
address plant- and site-specific features. The applicant should identify plant-specific
vulnerabilities and confirm the basis of the SMA. If the plant-level HCLPF is less than the target
value, the applicant should perform a full convolution of sequence fragility for all sequences with
a potential to lead to core damage to demonstrate that the seismic risk is acceptably low for the
licensed plant.

Thanks,

Perry Buc!cl?erg

Senior Project Manager
Nuclear Regulatory Commission
Office of New Reactors

phone: (301)415-1383

fax:  (301)415-5397
perry.buckberg@nrc.qov

From: Ray, Thomas J. [mailto:raytj@westinghouse.com]

Sent: Friday, July 16, 2010 4:22 PM

To: Buckberg, Perry; Jaffe, David

Cc: LaPay, William S.; Zhang, Jie Jennifer; Anderson, Richard G.; Kitzmiller, John T.; Maioli, Andrea; Kopelic, Steven D.;
Parello, James; 'Bob Hirmanpour'; Ziesing, Rolf F.; Brehm, Jason A.

Subject: Chapter 19 Open Item on Seismic Margin

Perry,

| left a voice mail message on your machine. We responded to Malcolm's and Goutam's comments and | was a little
concerned with the level of changes. So | have issued this to you as draft again. Please have them review and if we
need to make any more changes let's set up a call early in the week, before we get into ACRS meetings, so that we can
finalize this and issue as final. Again, | figured | would take the schedule hit rather than send you something in final form
that we may not be 100% there.

Thanks and have a great weekend,



Thomas J. Ray
Licensing Integration Engineer
AP1000 Licensing & Customer Interface

Westinghouse Electric Company

Cranberry Headquarters

1000 Westinghouse Drive

Cranberry Twp, PA 16066, USA

Phone: +1 (412) 374-5309

Email: rayti@westinghouse.com

Home Page: www.westinghousenuclear.com

"You will never stub your toe standing still. The faster you go, the more chance
there is of stubbing your toe, but the more chance you have of getting somewhere."
- Charles F. Kettering
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AP1000 DCD SER Open Item REVIEW

Open Item Resolution

Ol Response Number: OI-SRP19.0-SPLA-12 Revision: 3b

Question:

In 10 CFR 52.47, “Contents of applications; technical information,” there is a requirement that
each application for design certification must include a “description of the design*specific
probabilistic risk assessment (PRA) and its results” (§52.47(a)(27)).

Regulatory Guide 1.206, “Combined License Applications for Nuclear Power, Plants (LWR
Edition)” includes Regulatory Position Part |, “Standard Format and/{ontent of,Combined
License Applications.” According to Section C.1.19.3 of this part, the scope of the,assessment
should be “a Level 1 and Level 2 PRA that includes internal an@hexternal eventsiand addresses
all plant operating modes.”

Regulatory Guide 1.200," An Approach for Determiningthe Technical Adequacy of Proebabilistic
Risk Assessment Results for Risk-Informed Activitiess" endorses ASME RA-S-2008, "Standard
for Probabilistic Risk Assessment for Nuclear Power Rlant Applications" and ASME/ANS
RA-Sa-2009, "Addenda to ASME/ANS RA-S-2008 Standard for Level 1/Large Early Release
Frequency Probabilistic Risk Assessment for Nuclear Power Plant Applications."

Additional regulatory guidance is found indnterim staff guidance: BC/COL-ISG-3,

"PRA Information to Support Design Certification and Combined License Applications" (ISG-3)
and DC/COL-ISG-020, "Seismic Margin Analysis forNewsReactors'Based on Probabilistic Risk
Assessment" (ISG-20). 1SG-20 identifies particular parts of thesASME/ANS standards that
clarify the level of detail expected in the seismie margin analysis (SMA).

In support of design certification, the,SMA is needed to confirm the adequacy of the seismic
design and to identify plaft-level seismic vulnerabilities. The staff's expectations for the SMA
are detailed in 1ISG-204s follows:

Topic Applicable Interim Staff Guidance
1. plant system and‘accident sequence analysis ISG-20, Section 5.1.1
2¢seismic fragilitypevaluation ISG-20, Section 5.1.2
3. plant-level capacity\with HCLPF' ISG-20, Section 5.1.3
4. assessment of capability ISG-20, Section 5.1.3

In the applicatiomfer amendment to the certified design, Westinghouse altered the specified site
parameters. Two response spectra that were not considered in the certified design were added.
In addition, proposed design changes have removed SSCs that are identified in the

! When components that may control the plant-level capacity are qualified by prototype testing, the test response
spectrum must be specified to demonstrate that no more than one percent rate of failure would be expected
when the plant is subjected to the applicable seismic margin ground motion.

OI-SRP19.0-SPLA-12 R3b

Westinghouse Page 1 of 35




AP1000 DCD SER Open Item REVIEW

Open Item Resolution

Table 19.55-1, “Seismic Margin HCLPF Values.” Design changes may have otherwise altered
the makeup of the list or individual HCLPF values. The amended DCD should contain the
applicant’s basis for concluding that the original SMA is still applicable. It would be helpful if the
amended DCD included a description of the updated SMA in addition to the summary of results.
As in the case of other external events, identifying the important assumptions and results in the
DCD will ensure that a COL applicant referencing the AP1000 design has the correct basis for
confirming that the AP1000 SMA still applies when plant- and site-specific features are
considered.

Revise Section 19.55 of the DCD to include a description of the SMA dhcluding assumptions
and methods, in addition to the summary of results. The DCD descfiption must provide enough
information for the staff to confirm that adequate seismic margin Has'been demonstrated or will
be established for the amended design. ISG-20, Section 5.4, “Pesition on Documentation,”
provides a list of information that would be sufficient to allow(the staff to confirm the acceptability
of the SMA.

In addition, provide a COL information item requiring £OL applicants‘to,update the SMA'to
address plant- and site-specific features. The applicaat should identify plant-specific
vulnerabilities and confirm the basis of the SMA. If the plant:le¥el HCLPF is less than the target
value, the applicant should perform a full convolution of sequence fragility for all sequences with
a potential to lead to core damage to demonstrate that the seismic risk is acceptably low for the
licensed plant.

ISG-20 provides guidance on this processiin'Section 5.2p*Position an Updating DC PRA-Based
Seismic Margin Analysis by COL Applicants.”

Also revise COL Information ltem 19.59.10-1; “As-Built SSC HCLPF Comparison to Seismic
Margin Evaluation” to indicate that the test response spectra must be chosen so as to
demonstrate that no mogé than one percent rate of failure would be expected when the plant is
subjected to the applieable seismic margin ground motion. This is consistent with ISG-20, and
clarifies how the CQL holder may gonfirm that prototype testing has demonstrated adequate
seismic margin on aplant- and site-specific'basis.

Westinghouse Response:

Reévision 3a of the Open ltem response is a complete re-write of Revision 1 and 0. This also
replaces the draft response Rev. 2 provided at the public meeting on April 26th and the
responseyprovided in OI-SRP19.0-SPLA-12-02 R2 (DCP_NRC_002739 issued January 14,
2010). Dueto the extensive changes to Section 19.55 all of the changes have been accepted
and this is‘provided as a complete re-write of 19.55. The only track change mark-ups being
provided arefor thefadditional words provided in COL action item 19.59.10.5.

The documentation of the AP1000 PRA-based SMA has been expanded to include a
description of the seismic event trees that define the sequences that were analyzed. Updated
HCLPF values have been factored into the analysis and the sequences and overall plant
HCLPF values have been re-evaluated. This analysis demonstrates compliance with the
requirements of SECY-93-087.

OI-SRP19.0-SPLA-12 R3b
Westinghouse Page 2 of 35




AP1000 DCD SER Open Item REVIEW

Open Item Resolution

Design Control Document (DCD) Revision:
19.55 Seismic Margin Analysis

19.55.1 Introduction

In accordance with Section II.N, Site-Specific Probabilistic Risk
Analysis of External Events, of SECY-93-087 (Reference 19
Regulatory Commission (NRC) approved the following staff’

ments (PRA) and
, the U.S. Nuclear

“PRA insights will be used to support a margins
of seismic events. A PRA-based seismic
consider sequence-level High Confidence

The PRA based seismic margin analysis ( methodology described in this
-93-087.

Seismic margins methodol i i potential vulnerabilities and
demonstrate seismic margin Si utdown earthquake (SSE).
The capacity of those compone i he plant to a safe, stable condition is
assessed. The structures, system ) S ied as important to seismic risk
are addressed. For,this PRA-based sei
reported a e dition, insights related to random and/or human

iate, for each sequence.
19.55.2

19.55.2.1

analysis is based on established criteria, design specifications,
0 test reports, established basic design characteristics and
ic domain generic data.

argin assessment is used to demonstrate margin over the SSE of 0.3g.
h SECY-93-087 (Reference 19.55-1), the goal of the SMA is therefore to
at the plant HCLPF is at least 0.5g-peak ground acceleration (pga). This is

d in Chapter 5 (see Tier 2, Figures 5.0-1 through 5.0-4). It will be necessary for a
combined operating license) applicant to demonstrate that the seismic response for
the applicant’s plant is equal to or less than that used in the calculation of the HCLPF
values, and to evaluate the potential for soil liquefaction using the applicant’s site specific
conditions. This will ensure a reserve margin that exceeds a 0.5g seismic level.

OI-SRP19.0-SPLA-12 R3b
Westmghouse Page 3 of 35




AP1000 DCD SER Open Item REVIEW

Open Item Resolution

19.55.2.2 Calculation of HCLPF Values

A seismic margin analysis is made up of two major tasks:

1. A PRA-based model to determine the plant HCLPF
2. Determination of the plant structure and component HCLPFs

for plant structures
is herein discussed as
seismic fault trees
Iso include hard

The second task, determination of HCLPF seismic acceleration
and components, is discussed in this section; the PRA-based
far as the seismic event trees and major assumptions ass
development are concerned. The HCLPFs used in the
rock sites and extension to soil sites, are summarizedd

19.55.2.2.1 Review of Plant Information
The assessment uses the following plant i

Structural and seismic design criteria an
Structural design calculations
Layout and design drawi
Test reports
Piping and instrumentatio
Equipment design specifice
Generic fragility data

19.55.2.2.2

Control Document provides a discussion of the
e structures and components associated with these
sidered in the seismic margin assessment. It is noted that the same
in the AP1000 PRA sensitivity case where no credit is taken for non-
s, is used as the starting point for the AP1000 PRA-based seismic
uccess criterion is not necessarily defined in terms of reaching
modes, but rather on reaching a sustainable safe plant state. The bases for
riteria are given in the AP1000 PRA report (Reference 19.55-5).

specific p
these succe

19.55.2.2. A i Structure Response

he purpose of a seismic fragility analysis is to define the maximum limit, seismic
capacity, of functional capability or operability with the associated uncertainty for plant
components and structures that could have an effect on safe shutdown of the plant
following a seismic event. Capacity in the seismic margin assessment, expressed in terms
of the free field peak ground level acceleration, is the level of the seismic event that
results in failure of a given component or structure to perform its safety-related function.
Failures leading to loss of safety function could result from such things as: loss of a

OI-SRP19.0-SPLA-12 R3b
Westmghouse Page 4 of 35




AP1000 DCD SER Open Item REVIEW

Open Item Resolution

pressure boundary; significant inelastic deformation; partial collapse; loss of support
functions; or a combination of failure modes. In the calculation of the HCLPF value for a
system, structure, or component, the governing failure mode is established by examining
the different potential failure modes possible. Each failure mode has different reserve
margin. As an example, ductility may be very large for tension failure, whereas, for
buckling, ductility generally does not contribute to reserve margin.

A fragility evaluation is made for the key structures and compo he HCLPF for the

equipment and structures is established using one of the follo

Probabilistic fragility analysis
Conservative deterministic failure margin (CDE
Test results
Deterministic approach
Generic fragility data

These methods are briefly discussed below:
Probabilistic Fragility Analysis

This method is used to defin

e  Steam generator supports

e  Reactor pressure vessel sup

o or X

o -containment refueling water storage (IRWST)
[ ]

There 2 any sOUTe s and variability in the estimation of seismic peak

capac1ty for seismic margin assessment. HCLPF values reflective of
ity are derived from median capacity using formulas based on the
ion. The HCLPF values reflect a 95-percent confidence (probability)
cent probability of failure (Reference 19.55-2).

is defined by a lognormal probability distribution that is a function of
capacity and composite standard deviation, ,:

HCLPF = Median Capacity x e *P
dian seismic capacity is related to the mean seismic capacity by the expression:
[-(Be"2)2]

Median Capacity = Mean Capacity x e

The mean peak seismic ground capacity, A, is related to the stress and strength design
margin factors by the following expression:

OI-SRP19.0-SPLA-12 R3b
WBSIII'IghOUSB Page 5 of 35




AP1000 DCD SER Open Item REVIEW

Open Item Resolution

Am = (Hl [Xl] )Ao

where,
A, = Mean peak seismic ground capacity
X; = ith design mean margin factor
I, = Product notation
A, = Nominal seismic peak ground capacity

It is noted that the composite standard deviation is equal
composite standard deviation associated with each of't

mean square of the

B.= v [Zi (B

The conservatisms and variability identi idéred in this assessment are
associated with stress and strength marg . ¢ grouping of margin factors
rs; material; damping; inelastic

calculated using the conservative
deterministic failure margm app i ment analysis was performed of this
structure tha i he concrete and redistribution of the loads.
ined for three items: strength; inelastic energy

ed from comparison of required response spectra (RRS) and test response
The method employed follows a deterministic approach using existing test

the natural frequency of the equipment is not known, it was assumed that the
natural frequency coincided with the required response spectra peak acceleration so that
the lowest HCLPF value was calculated. It is noted that where equipment frequencies are
known, and are used for comparing the RRS and TRS, these frequencies will be included
in the design specification for the equipment to assure that the dynamic characteristics are
the same as those expected.

OI-SRP19.0-SPLA-12 R3b
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AP1000 DCD SER Open Item REVIEW

Open Item Resolution

Relay Chatter

Solid-state switching devices and electro-mechanical relays will be used in the AP1000
protection and control systems. Solid-state switching devices are inherently immune to
mechanical switching discontinuities such as contact chatter. Robust electro-mechanical
relays will be selected for AP1000 applications such that inhere chanical contact
chatter is within the required system performance criteria. Ther , contact chatter has
no effect on system operation and was, therefore, not incl in the seismic margin
analysis. The COL must confirm the use of seismically r o-mechanical relays
in the engineered safety features actuation and control s

Moreover, the loss of offsite power event has .09¢g). The
control rod motor generator sets are powered b ized on

energized, current to the magnetic jack nd the gripper coils open,
allowing the rods to drop into the core. ter is not an issue for reactor
trip.

Finally, passive residual hea re makeup tank (CMT) system
valves automatically fail o i ir due to loss of seismically
induced loss of offsite pow i issue for PRHR and CMT
system functions.

Deterministic Approach

A lower bg is obtained for selected structures or equipment
propriate load combination defined by the fault
capacity due to inelastic energy absorption is

used for the primary components to verify that their supports would
value. It was also used for a few cases to define the HCLPF when it
seismic capacity would not control the plant HCLPF value. This

alue using one of the methods described above. Those cases where this
was use were:

Reactor internals and core assembly that includes fuel
Control rod drive mechanism (CRDM)

Reactor coolant pump

Accumulator tank

Piping

OI-SRP19.0-SPLA-12 R3b
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Open Item Resolution

e C(Cable trays

e  Valves

e  Ceramic insulators
The Utility Requirements Document for Advanced Light Water Reactor, Reference
19.55-3, was used for all of the components listed above except ceramic insulators, which
used recognized industry low seismic capacity data.

19.55.2.2.4 Evaluation of Seismic Capacities of Components and Plant

considered in the seismic margin evaluation. Also sh i is the approach
used to define the HCLPF value, as described in s

In the design of the AP1000, careful co at are
recognized as important to plant seismi . iti paying special attention to
those critical components that have HCL the review level earthquake,
the design process considers potential interac ith both safety-related and nonsafety-
related systems or structures as well as adequa horage load transfer and structural

19.55.2.2.5 Verification of Equipment F

designed to meet the safe shutdown earthquake
e AP1000 DCD. This seismic margin evaluation
design of the nuclear island structures, safety-
orts can carry the loads induced by the review
aluation incorporates as-specified equipment
% will be necessary to perform a verification of the
C srnent for the installed conditions.

19.55.2, e Bui eismic Interaction
argin assessment, the seismic interaction between the turbine

the nuclear island was evaluated according to guidance provided in
55-4. It was determined that:

building @
Reference

>ct the adjacent nuclear island auxiliary building the first bay of the turbine
g has been classified as seismic category II.

t is not likely that the size and energy of debris from the turbine building will be
large enough to result in penetration through the auxiliary building roof structure.

Even though it is not likely that penetration of turbine building debris could be large
enough or have sufficient energy for penetration through the auxiliary building roof
structure, this event was evaluated. The consequences of damage to the safety-related
equipment in the auxiliary building were investigated. It was determined from this

OI-SRP19.0-SPLA-12 R3b
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AP1000 DCD SER Open Item REVIEW

Open Item Resolution

investigation that should an event occur that causes the failure of equipment in the upper
elevations of the auxiliary building, the results of the seismic margin assessment, the
plant HCLPF value, and the insights derived from the seismic margin assessment are not
affected. Moreover, the steam line break events, which would result from the damage of
equipment in the upper elevations, are not dominant contributors to the core damage
frequency. Further, the loss of equipment in the upper elevations will not affect the
passive safety systems that would be used to put the plant in a sa tdown condition
should an event occur.

19.55.3 Seismic Margin Model

plant HCLPF for AP1000 is determined.

HCLPFs are calculated for the seismic Cate
upon via the seismic event trees to mitiga
event.

19.55.3.1 Major SMA Model Assumptions

In this section, the general chara i j tions of the AP1000 SMA
model are discussed.

1. t is operating at full power.
2. 0.5¢g is used for the seismic margin analysis.
3. It t would result in loss of offsite power, since the

Category 1. (The offsite insulators on the feed
ail such that a loss of offsite power occurs.) No
cy AC power (diesel generators).

power equip

en for non-safety related systems. They are assumed to have failed or
al due to the seismic event. This includes all equipment in the
d the turbine building itself; as discussed in Section 19.55.3.3,
of the turbine building is assumed not to impact the structural
of the adjacent auxiliary building.

ically induced SMA initiating event categories and their event trees are
rom the AP600 PRA model. For each initiating event, the PRA logical
deling (i.e., seismic event and fault trees) developed for AP600 structures,
systems, and components have been used as the starting point and their applicability
to the AP1000 design has been assessed and confirmed. The applicability of the base
AP600 to the AP1000 has been addressed in a supporting calculation. Cutsets
associated with each sequence are generated and then the min-max method is used to
calculate the plant HCLPF value.

OI-SRP19.0-SPLA-12 R3b
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Open Item Resolution

19.55.3.2 Seismic Initiating Events

The first step in Seismic Margins Model is to evaluate which initiating events could occur
as a result of a seismic event. For this purpose, a Seismic Initiating Event Hierarchy Tree
is constructed. This event tree is given in Figure 19.55-1 and discussed below. Based on
this hierarchy event tree, seismic initiating event categories are defimed and their event
tree models are constructed (as discussed in subsection 19.55.3.3).

structed such that the
t safety systems is

Given that a seismic event occurs, the hierarchy event tree 4
seismically-induced initiating event with the most challen
considered first: gross structure collapse. This catego
the first initiating event category to be modeled and

If gross structure collapse does not occur,
loss-of-coolant-accident (LOCA) catego
system (ECCS) capacity (also termed as
labeled as EQ-RVFA.

If vessel failure does not occur, then large RC s are considered. This category is
labeled as EQ-LLOCA.

If EQ-LLOCA does not occu onsidered. This category is
labeled as EQ-SLOCA. Stea: ~ [ e (SGTR) and large secondary line
break (SLB) events are folded \i i i
subsection 19.5

t are all “mixed cutsets containing seismically 1nduced 1n1t1at1ng
adom failures leading to core damage. This event is included in the
ohts and completeness.

Thus, the
and an eve

archy tree defines six initiating event categories. Each of these is discussed
ee for each is constructed in subsection 19.55.3.3.

dre, initiating event frequencies are not calculated for each seismically generated
tiating event category. Although seismically generated initiating event frequencies are
not calculated, it is important to evaluate the seismic vulnerability of the components and
systems that contribute to the initiating event categories. This is done by estimating a
HCLPF for each seismic initiating event category, as discussed in subsection 19.55.3.3.

OI-SRP19.0-SPLA-12 R3b
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Open Item Resolution

19.55.3.3 Seismic Event Trees

The six seismically induced initiating event categories defined by the hierarchy event tree
model of subsection 19.55.3.2 are further discussed to model seismically induced failures
that will determine the HCLPF for each of these initiating events. The six categories
considered are:

1. EQ-STRUC Gross structural collapse
2. EQ-RVFA LOCA in excess of ECCS ¢
3. EQ-LLOCA Large LOCA
4. EQ-SLOCA Small LOCA
5. EQ-ATWS ATWS
6. EQ-LOSP Loss of offsite p
in the
applicable (conservatively)
y safety-related systems are
The last event, LOSP, is post] may also be viewed to represent
a larger family of transient eedwater, loss of compressed
air, turbine trip, reactor tri i onent cooling water, etc,
following a seismic event and LLOSP, si ityis taken for these non-safety systems
in the SMA models. Moreover, a seismi sient containing LOSP becomes
a station blacko iNCe\! edit is taken for diesel generators which are not

lear Island

s consists of containment, shield building, and auxiliary building.

Nuclear island is structurally designed to meet seismic Category 1.

2. Turbine Building
The first bay of the turbine building is classified as Seismic Category II, and
the remaining bays are designed to meet the uniform building code (UBC). For

the SMA model, it is assumed to have failed. Thus no credit is taken for
systems in this building.

OI-SRP19.0-SPLA-12 R3b
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Open Item Resolution

3. Annex Building

The high rise portion of the annex building is designed to meet seismic
Category II. For the SMA model, it is assumed to have failed. Thus no credit is
taken for systems in this building.

4.  Diesel Generator Building

UBC. For the SMA
for systems in this

The diesel generator building is designed to me
model, it is assumed to have failed. Thus no cr
building.

5. Radwaste Building

The radwaste building is designe L, it is

Thus, only the nuclear island is con: SMA model; the interaction
between the other buildings and the nucle is assumed to have no detrimental
effect on the nuclear isla . Thi ption needs to be verified by a

The failures of the nucle
structures of the contai
building.

ed in terms of the driving
ield building, and the auxiliary

mically induced failures of the reactor vessel

ismically induced failures of the steam generators

Seismically induced failures of the other RCS components
Seismically induced failures of two direct vessel injection (DVI) lines
5. Seismically induced failures of fuel.

The EQ-RVFA event tree is shown in Figure 19.55-3; HCLPF value for EQ-RVFA
is calculated in Section 19.55.4.

OI-SRP19.0-SPLA-12 R3b
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Open Item Resolution

3. EQ-LLOCA (Large LOCA)

Seismically induced large LOCA initiating event category, EQ-LLOCA, contains
RCS breaks with break sizes greater than 9 inches. Since the seismic event failures
assume that if one pipe breaks by a seismic event, all redundant similar pipes will
break at the same time, all major RCS pipe breaks are conservatiyely included in this
category; thus, no medium LOCA is defined in the initiatin t hierarchy tree.
Also included in this category are the failures of the passiv heat exchanger by
a seismic event.

The EQ-LLOCA event tree is shown in Figure
LLOCA is calculated in Section 19.55.4.

value for EQ-

4. EQ-SLOCA (Small LOCA)

Seismically induced small LOCA ini ory, EQ-SLOCA, contains
ivalent diameter. Since the
reaks by a seismic event, all
e, all major RCS pipe breaks are
. For the small LOCA category,

resentative event. The small

redundant similar pipes will break at the
conservatively included in the large LOCA
RCS leaks from inst ines is used as

by a seismic event is conservatively bounded by the structural failure of
ator, which is included in EQ-RVFA initiating event.

AP600%design to the AP1000 design, an additional entry is added to the
duced Small LOCA. This reflects the possibility that in the event of an
pipe break, a small LOCA will be induced. Flow from the RCS inventory
estricted by the labyrinth seal surrounding the RCP motor shaft; tolerances
abyrinth seal allow for a maximum flow area of 1.389in’. This corresponds
pproximately a 1.3 inch pipe break. A postulated seismic induced break of all
ght tubes does not change the equivalent break flow rate for each pump and when
considering the break in all pumps, a total of approximately 2.7 inch pipe break
equivalent LOCA needs to be considered. This is judged to be consistent with the
definition of seismically induced small LOCA given above.

The EQ-SLOCA event tree is shown in Figure 19.55-5; HCLPF value for EQ-
SLOCA is calculated in Section 19.55.4.

OI-SRP19.0-SPLA-12 R3b
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Open Item Resolution

5. EQ-ATWS (Anticipated Transients without Scram)

The EQ-ATWS event addresses the seismically induced ATWS initiating event
related to the failure of the core assembly or guide tubes or the control rod drive
systems to remain functional so that the rods can not fall into the core. The fuel is
still intact and can be cooled. The failure mode associated with seismically induced
fuel failure has been already addressed in EQ-RVFA event.

e control rod motor
ction failed. If the
tulated to fail to

Because offsite power is postulated to have been I
generator sets would be de-energized even if the re
core assembly or the control rod system failed,
insert into the core.

The EQ-ATWS event tree is shown in Fi
is calculated in Section 19.55.4.

6. EQ-LOSP (Loss of Offsite Power)

duced loss of offsite power. This
s. The driving failure for loss of
offsite power is represe
HCLPF value for these|insula i ower than the review level
earthquake of 0.5g, and ch an earthquake does not
challenge any of the safe ¢ built to withstand the SSE and

ore damage sequence. This event model contains
1age; these are failure combinations of seismically

19.55.3.4

e AP600 system seismic fault trees have been reviewed for
o the AP1000 and only limited and minor changes have been deemed
necessary.
19.55.4 of Plant HCLPF

section presents the seismic margin analysis calculations based on the model
developed in subsection 19.55.3.

The initiating event HCLPFs are calculated in subsection 19.55.4.2. The plant HCLPF is
calculated in subsection 19.55.4.3.

OI-SRP19.0-SPLA-12 R3b
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19.55.4.1

19.55.4.2

The analysis demonstrates that all structures and components required to maintain the
plant in a safe stable state are expected to function following a seismic event of 0.5g
acceleration.

HCLPFs for Basic Events

determined in a
ts defined in the

es, as shown in Table
t self evident, the
.55-1 has been

The HCLPF values for various AP1000 structures and components
supporting calculation and are given in Table 19.55-1. The basi
SMA model for seismic failures are assigned their own HCL
19.55-2. These HCLPF values are taken from Table 19.55
“Source” column in Table 19.55-2 explains how the infi
used.

For reasons beyond the development of the
groups all the electrical equipment into t
Frequency Excitation” and “Sensitive t itation”. For the purposes

value of 0.5; this assumption is
for the purposes of this analysis only and is con e for this purpose.

Calculation of Initiating Eve

Initiating event HCLPFs are y assigning the HCLPF values from Table
19.55-2 to the _seismically induced failures modeled in subsection 55.3.3 for initiating
events. The i nitiating Events will be the minimum among those
esults of these calculations are given in Tables
esented for the AP1000 before and after this
-LOSP is already assigned a HCLPF 0.09g,
lators but it does not contribute to plant HCLPF

Dominated by

Polar crane

Fuel and pressurizer failure
RCS piping

Steam generator tube failure
Core assembly failures
Ceramic insulator failure

When the min-max method is used, the HCLPF of seismic sequences resulting from an
initiating event can not be less than the initiating event HCLPF since it appears in every
cutset. If the initiating event is postulated to directly lead to core damage, the [IE HCLPF
is used in the determination of the plant HCLPF.

OI-SRP19.0-SPLA-12 R3b
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19.55.4.3

19.55.5

Since both EQ-STRUC and EQ-RVFA events are postulated to lead to core damage, and
EQ-STRUC is postulated to go to large early release as well, plant HCLPF can be
determined at this point to be at least 0.50g for core damage and at least 0.55g for large,
early release consequences.

Calculation of AP1000 Plant HCLPF

The final AP1000 plant HCLPF calculation also considers the
PRA logic. Even though this is not going to change the
19.55.4.2, the complete calculation provides further insig
AP1000 design.

ation portion of the
identified in section
ismic margin of the

All basic events in the AP1000 SMA model
dummy probability value of 0.5; the model i

level to evaluate the sequence HCLPF v
plant HCLPF value.

approach discussed above J i n. Sequence level results are
presented in Table 19.55-8

Sensitivity Analyses

A 99% confidene i i response spectra is expected for all the HCLPF

g quipment are set to 0.3g. While the selected values
ervative due to the engineering margins normally adopted for the
, such values would not change either the overall AP1000 plant HCLPF
e or event tree level HCLPF value.

Og. This HCLPF is determined by various structures, systems, and components
Y an HCLPF value of 0.5g.

Thus, the AP1000 plant can meet or exceed the requirement to withstand a review level
earthquake of 0.5g. It is observed that electrical equipment qualification consistent with
the Certified Seismic Design Response Spectra (CSDRS) at 0.3g (with a 99% confidence

OI-SRP19.0-SPLA-12 R3b
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associated to the Test Response Spectra — TRS) supports the overall plant HCPLF value
of 0.5g.

The success paths used for the SMA are taken conservatively in many cases, and credit
for operator actions for events at 0.5g review level earthquake has been avoided. Thus,
the results are valid without operator intervention, which indicates a strong point of the
AP1000 design to mitigate seismically induced core damage and la; lease sequences.

All SMA sequences are evaluated with loss of offsite power
leading to a station blackout event. The plant design is sho
event sequences each of which contain station black
random failures.

ss of onsite AC power
bust against seismic
other seismic or

19.55.6.2 AP1000 SMA Insights

The SMA results also point out the follo
1. Design Features
The AP1000 design i at make the plant more robust

e  Reactor trip is ass
power occurring a

ation signal due to the loss of offsite

open without actuation signal following loss of
ir. Thus, PRHR cooling is immediately available.

ver, the passive containment cooling system air operated valves also fail
a review level earthquake, due to loss of offsite power/instrument air. As
It, the passive containment cooling system is automatically actuated and
s enough water inventory to last for 72 hours.

DC System Fragility

Control rods, PRHR, CMT, and passive core cooling systems would be
operational after potential loss of protection and safety monitoring system (PMS)
or DC control power. Thus, the plant can successfully mitigate a transient event
even with a failure of PMS or DC control power. However, the DC control power
system HCLPF is the same as the plant HCLPF (0.50g). This HCLPF has the

OI-SRP19.0-SPLA-12 R3b
Wesnnghouse Page 17 of 35




AP1000 DCD SER Open Item REVIEW

Open Item Resolution

potential to become a driving failure, if it were to be coupled with a LOCA event
with low HCLPF. However, no such low HCLPF LOCA events are identified in
the current model.

3. Importance of Valve Room Fragilities

Fragility of certain valve rooms where the passive core co
concentrated becomes an important factor; the SM
successful functioning of these valves to mitigate L
are labeled as 11206/11207 and contain CMT,
and cavity recirculation valves. Since the HC

ystem valves are
el depends on the
ccidents. These rooms
IRWST injection,
oms is relatively

4. Operator Actions

Operator actions are not credite
events. Inclusion of operator actio
success paths, such as manual actuatio
(ADS) after failure of,CMTs to inject.
the plant HCLPF or i
is already robust wi
taking credit for operat

dels would provide additional
automatic depressurization system
, this inclusion would not affect
. Thus, the AP1000 design
ismic events, even without

5. IRWST Failure
der PRHR, gravity injection, and recirculation
ecomes a single point failure that affects both the

odeled as a tural failure, as well as in PRHR and gravity
jection S ttees. VThe IRWST HCLPF is 0.71g and therefore

, an argument can be made that when the IRWST fails, its inventory
p in the containment cavity and can be used to recirculate cavity

ausible and credible, such success sequences (e.g. sequences where
y injection is skipped, directly going into cavity recirculation) are not
ed in the AP1000 PRA. For this purpose, no credit for such a success path
en in the present model.

arge Fission Product Release

The large fission product release is driven by the same seismic sequences that
dominate the plant core damage. This is due to either the nature of the initiating
event (such as gross structural failure initiating event, EQ-STRUC), or postulated
containment failure following a reactor vessel failure (RVFA) (such as EQ-
RVFA initiating event or some ATWS sequences leading the RVFA). Failure of
containment isolation or containment cooling system due to their system

OI-SRP19.0-SPLA-12 R3b
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components or system actuation failures does not dominate the plant large release
HCLPF.
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Table 19.55-1

SEISMIC MARGIN PARAMETERS AND HCLPF VALUES

Description NI[)eg(:ll[i‘]n Be pl;:[lw;alue Basis

Building/Structures
Shield Building - Tension Ring - 0.73 [2]
Shield Building - Air Inlet [2]
Shield Building - Conical Roof 0. [2]
Shield Building - PCS Tank 0.81 [2]
Shield Building — SC/RC Connection >0.67 [2]
Shield Building - RC Cylindrical Wall 0.67 [2]
Steel Containment Vessel - Buckling 0.73 [3]
Steel Containment Vessel - Overturning 1.38 [3]
Containment Baffle - Support Failure 0.91 [4]
Interior Containment Structure & IRW - 0.71 [4]
- 0.97 [2]
- 1.16 [2]
- 0.56 [4]
0.35 0.71 [3]
0.51 0.5 [5]
0.51 0.7 [5]
- 0.54 [4]
3 0.54 [4]
0.34 0.57 [3]
0.30 0.59 [3]
Pressurizer Supports - - 0.58 [4]
Pressurizer Upper Support Weld 1.02 0.31 0.50 [3]
Pressurizer Upper Support Strut 1.11 0.29 0.56 [3]

Westinghouse

OI-SRP19.0-SPLA-12 R3b
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Table 19.55-1
SEISMIC MARGIN PARAMETERS AND HCLPF VALUES
Description Medi[i‘]n Be HCLPF[I\;alue Basis
pga pga
Pressurizer Lower Support Strut 1.41 0.29 0.72 [3]
Reactor Coolant Pump 2.2 0.5 0.68 [5]
Reactor Coolant Pump Heat Exchanger - 0.55 [2]
Mechanical Equipment
Polar Crane - 0 [2]
Piping - Support Controlled 1 0.81 [5]
Cable trays - Support Controlled 2 61 0.54 [5]
Accumulator Tank 0.46 0.76 [5]
Core Make Up Tank - - 0.87 [4]
Heat Exchanger (PRHR) 1.11 [4]
Valves
Higher than El. 100 0.61 0.81 [5]
Equal to or Lower than EI 100 - - 1.02 [4]
Passive Containment Cg - - 0.67 [2]
Electrical Equipme
Non-Sensitive to High Fre - - 0.5 [6]
Sensitive to - - 0.52 [6]
0.2 0.35 0.09 [8]

[ und acceleration level for the seismic event

[ e deterministic failure margin approach

[3] c fragility analysis

(4]

[5] ccommended generic fragility data

[6] design margin, code requirements and test margins inherent to the seismic qualification

The capacity of the ceramic insulators is less than the review level earthquake of 0.5g. The failure of the ceramic
insulators is considered in the PRA analysis.
[8] HCLPF based on recognized generic fragility data

[9] Reactor Coolant Pump Support HCLPF value is controlled by Steam Generator Support.

Westinghouse
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Table 19.55-2

BASIC EVENTS HCLPF VALUES

BE ID BE Description HCLPF |[g] Source

xterior walls of
auxiliary building,

imiting values between
1 and wall 11

EQ-AB-EXTWALL Failure of Auxiliary Building Exterior Wall 0.97

EQ-AB-FLOOR Failure of Auxiliary Building Floor

EQ-AB-INTWALL Failure of Auxiliary Building Interi

In rooms 11206/11207,
below elevation 100’

EQ-ACC-CV28 Accumulator Check Valves 28A
Fail

In rooms 11206/11207,
below elevation 100’

EQ-ACC-CV29 Accumulator Check
Fail

EQ-ACC-TANKS

0.5 Limiting value among
those provided for
electrical equipment.

EQ-ACDISPANEL

0.81 In rooms 11603/11703,
above elevation 100’

EQ-ADS-SIMOVS

0.81 In rooms 11603/11703,
above elevation 100’

EQ-ADS-S2MOVS

0.81 In rooms 11603/11703,
above elevation 100’

0.81 In rooms 11301/11302,
above elevation 100’

ilure of Containment Baffle Support 0.91

Battery Racks Fail 0.5 Limiting value among
those provided for
electrical equipment.

250 Vdc Batteries Fail 0.5 Limiting value among
those provided for
electrical equipment.

EQ-BATTERY

OI-SRP19.0-SPLA-12 R3b
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Table 19.55-2

BASIC EVENTS HCLPF VALUES

BE ID BE Description HCLPF |g] Source
EQ-CABINETS PMS Cabinet Fail 0.5 iting value among
se provided for
electrical equipment.
EQ-CABLETRAY Cable Trays Fail

EQ-CAS-AOV-1415

Containment CAS Isolation Valves AOV 14
and 15 Fail

s 12405/11400,

EQ-CER-INSULATOR

Seismically induced failure of cerami
insulators

EQ-CMT-AOV CMT AOV 14A/B and 15A/B
Seismic Event
EQ-CMT-CV CMT CV 16A/B or 17A/B Fail by Sei

Event

In rooms 11206/11207,
below elevation 100’

In rooms 11206/11207,
below elevation 100’

EQ-CMT-LEVELSWT

CMT Level Switc

EQ-CMT-TANKS

Limiting value among
those provided for
electrical equipment.

0.87

EQ-CONTPR-SENSOR

or Transmitter

0.5 Limiting value among
those provided for
electrical equipment.

EQ-CORE-ASSEMBE 0.5
EQ-CRDM 0.7
0.73
0.71
bntainment Vessel Overturning 1.38
0 Vdc Distribution Panel Fails 0.5 Limiting value among
those provided for
electrical equipment.
EQ-DCMCC DC Motor Control Centers Fail 0.5 Limiting value among
those provided for
electrical equipment.
EQ-DC-SWBRD 250 Vdc Switchboard Fails 0.5 Limiting value among

those provided for
electrical equipment.

Westinghouse
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Table 19.55-2

BASIC EVENTS HCLPF VALUES

BE ID BE Description HCLPF |g] Source
EQ-DVI-PIPES Seismically Induced Failure of Both DVI 0.81
Lines
EQ-ELECTRONICS PMS Electronic Fail Limiting value among
EQ-INSTR-PIPES Failure of RCS Instruments Lines
EQ-INVERTER 250 Vac Inverters Fail . imiti among
electrical equipment.
EQ-IRW-INJCV IRWTS Injection CV 122A/B an In rooms 11206/11207,

Fail by Seismic Event below elevation 100'

In rooms 11206/11207,
below elevation 100’

EQ-IRW-INJSQ

In rooms 11206/11207,
below elevation 100

EQ-IRW-RECCV

1.02 In rooms 11206/11207,
below elevation 100’

EQ-IRW-RECMOV

1.02 In rooms 11206/11207,
below elevation 100’

EQ-IRW-RECSQ

EQ-IRWST-TANK 0.71

Steam Line Pressure Sensor or 0.5 Limiting value among
mitter Fails those provided for
electrical equipment.

EQ-MSL-SENSOR

inment Core Cooling Tank 0.81

ilure of the Polar Crane 0.55

Passive RHR AOVs PXS-PL-V108A and B 0.81 In room 11300, above
Fail by Seismic Event elevation 100’

EQ-PRHR-HX Failure of Passive RHR Heat Exchanger 1.11
EQ-PRZR-FAILS Seismically Induced Failures of the 0.5 Pressurizer upper
Pressurizer support weld (limiting
HCLPF among

pressurizer components)

OI-SRP19.0-SPLA-12 R3b
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Table 19.55-2

BASIC EVENTS HCLPF VALUES

BE ID

BE Description

HCLPF [g]

Source

EQ-PRZR-LVTRANS

Seismically Induced Failure of Pressurizer
Level Transmitter

0.5

iting value among
se provided for
electrical equipment.

EQ-PRZR-SENSOR

Pressurier Sensor Or Transmitter Fails

imiting value among

EQ-PRZR-SV

Pressurizer Safety Valves RCS-PL-
VO05A/B Fail Seismically

03/11703,

EQ-RCP-FAILS

Reactor Coolant Pumps Fail

EQ-RCP-HX

Seismically Induced RCP HX Failure
Inducing a LOCA

Same as SG due to
connection between
RCP & SG.

EQ-RCS-PIPES

Failure of RCS Pif

Valves AOV 09 and 10 Fail

EQ-RV-FAILS Reactor Pressure Ve
EQ-RV-FUEL Fuel in Reactor Vesse 0.5
EQ-RV-HDPK 0.7 Same as CRDM due to
physical location
EQ-SG-FAILS he Steam 0.54
EQ-SGTR 0.54 Same as SG failure
0.71
0.71 Same as roof
0.81
ransfer Switches Fail 0.5 Limiting value among
those provided for
electrical equipment.
EQ-VFS-AOV-0 VFS Containment Air Supply Isolation 0.81 In rooms 12452/11400,
Valves AOV 03 and 04 Fail above elevation 100'
EQ-VFS-AOV-0910 VFS Containment Air Exhaust Isolation 0.81 In rooms 12452/11400,

above elevation 100’

Westinghouse
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Table 19.55-2

BASIC EVENTS HCLPF VALUES

BE ID BE Description HCLPF |g] Source

EQ-WLS-AOV-5557 WLS Cont. Sump Isolation Valves AOV 55 0.81
and 57 Fail

oms 11300/12244,

Table 19.55-3

EQ-IEV-STRUC (EQSTR-02)

1 EQ-AB-FLOOR
2 EQ-AB-EXTWALL 0.97¢g
3 EQ-AB-INTWALL 0.97g
4 EQ-BAF-SUPP 091g
5 EQ-PCC-TANK 0.81g
EQ-SHBLD-ROOF 0.71g
0.71g
0.71g
0.73g
1.38¢g
0.71g
0.55¢g
0.55¢g

OI-SRP19.0-SPLA-12 R3b
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Table 19.55-4

EQ-IEV-RVFA (EQRVF-02) HCLPF

Original AP1000 Updated AP1000
1 EQ-DVI-PIPES 0.81g 0.81g
2 EQ-SG-FAILS 0.54¢g 0.54¢g
3 EQ-RCP-FAILS 0.68¢g
4 EQ-PRZR-FAILS
5 EQ-RV-FUEL
6 EQ-RV-HDPK
7 EQ-RV-FAILS
IE HCLPF = 0.50g
Updated AP1000
1 1.11g
2 0.81g
0.81g
EQ-IEV-SLOCA HCLPF
Original AP1000 | Updated AP1000
EQ-INSTR-PIPES 0.81g 0.81g
EQ-SLB 0.81g 0.81g
EQ-SGTR 0. 54¢ 0.54¢g
EQ-RCP-HX - 0.55g
HCLPF = 0.54¢ 0.54¢

OI-SRP19.0-SPLA-12 R3b
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Table 19.55-7

EQ-IEV-ATWS HCLPF

Original AP1000 Updated AP1000
1 EQ-CORE-ASSEMBLY 0.50g 0.50g
2 EQ-CRDM 0.70g 0.70g
HCLPF = 0.50g 0.50g

@ Westinghouse
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Table 19.55-8

SEQUENCE AND PLANT HCLPF

ET Original AP1000 Updated AP1000

EQ-STRUC EQSTR-02 0.55

EQ-STRUC HCLPEF, 0.55
EQ-RVFA EQRVF-02
EQ-LLOCA EQLLO-02
EQLLO-03
EQLLO-05

EQLLO-06 0.81

EQLLO-08 0.81

EQLLO-09 0.81

EQLLO-10 0.81

EQLLO-11 0.81

EQ-LLOCA HCLPF 0.81

EQ-SLOCA 0.54

0.54

0.54

0.87

EQ-SLOCA HCLPF 0.54

0.50

0.50

0.50

0.87

EQATW-06 0.81

EQATW-07 0.71

EQ-ATWS HCLPF 0.50

EQ-LOSP All mixed cut sets (IE HCLP =0.09) N/A

Plant HCLPF 0.50

Westinghouse
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19.59.10.5 Combined License Information

The Combined License holder referencing the AP1000 certified design will review
differences between the as-built plant and the design used as the basis for the AP1000
seismic margins analysis prior to fuel load. A verification walkdown will be performed
with the purpose of identifying differences between the as-built plant and the design. Any
differences will be evaluated to determine if there is a significan rse effect on the
seismic margins analysis results. Spacial interactions are addre y COL Information
Item 3.7-3. Details of the process will be developed by the C ed License holder.

The Combined License holder referencing the AP100
the as-built SSC HCLPFs to those assumed in the

should compare
in evaluation

to determine if Vulnerablhtles have been i
equipment is to be purchased are includ
the equipment specifications include:

1. Specific minimum seismic requiremen stent with those used to define the
Table 19.55-1 HCLPE,yalues.

This includes the I
comparing the require and test response spectrum
en so as to demonstrate that no

mic margin ground motion for the equipment
he Seismic Margin Insights of the Site-Specific
ponse that is required for the equipment with its

I8 prior to fuel load. If the effects of the differences are shown, by
nalysis, to potentially result in a significant increase in core damage
large release frequency, the PRA will be updated to reflect these

frequency
difference

site-specific information, the COL should also reevaluate the qualitative
1ng of external events (PRA Section 58.1). If any site-specific susceptibilities are
found, the PRA should be updated to include the applicable external event. The
Combined License information requested in this subsection has been partially addressed
in APP-GW-GLR-101 (Reference 19.59-4), and the applicable changes are incorporated
into the DCD. Additional work is required by the Combined License applicant to address
the aspects of the Combined License information requested in this subsection as
delineated in the following paragraph:
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AP1000 DCD SER Open Item REVIEW

Open Item Resolution

None

The Combined License applicant will confirm that the High Winds, Floods, and
Other External Events analysis documented in Section 19.58 is applicable to the
COL site. Further evaluation will be required if the COL site is shown to be outside
of the bounds of the High Winds, Floods, and Other External Events analysis
documented in Section 19.58.

The Combined License holder referencing the AP1000 certifie
differences between the as-built plant and the design used as
internal fire and internal flood analysis prior to fuel load. Dif}
determine if there is significant adverse effect on the i
analysis results.
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Management Guidance fr a site-specific basis.

ng the AP1000 certified design will perform a
uipment listed in Tables 6b and 6¢ in Attachment
.59-5) to provide additional assurance that this
nt functions during environmental conditions
ted with severe accidents. This assessment is
d quired only for equipment used for severe accident
not been tested at severe accident conditions. The Combined License
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g the Environment Enveloping method or the Test Based Thermal
ed in EPRI NP-4354 (Reference 19.59-3).
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